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TO 
MY OLD STUDENTS 
WHOSE YOUTHFUL ENTHUSIASM WAS A CONSTANT INSPIRATION 
DURING THE LONG PERIOD OF MY SERVICE AS A TEACHER 
THIS EFFORT TO CONTINUE TO AID THEM IS 
AFFECTIONATELY INSCRIBED 


PREFACE TO THE 1940 EDITION 


NCREASING interest in the biological control of insects has cre- 
ated an insistent demand for a wider knowledge of the parasitic 
forms active in destroying those insects which are injurious to 

agriculture. The greater number of these parasitic species is found in 
the order Hymenoptera. Opportunity has, therefore, been taken in 
this edition (1940) to revise and extend the discussion of the superfami- 
lies Ichneumonoidea, Proctotrupoidea and Chalcidoidea, the groups 
which contain the most important parasites. In addition, a shorter 
key to the commoner families of the suborder Clistogastra together 
with keys to the subfamilies of the Ichneumonide and Chalcidide 
have been included. 

The text for the keys and for the new matter on the parasitic 
Hymenoptera has been contributed by Dr. Henry K. Townes, who 
has given much study to these groups. It is hoped that the keys 
will prove helpful to those interested in the parasitic forms. 


GLENN W. HERRICK 
Ithaca, June 1940. 


PREFACE TO THE 1936 EDITION 


T SEEMED opportune with this reprinting (1936) of the Intro- 
duction to make some slight revision, more specifically of the 
orders of the wingless insects. 

The class Myrientomata of Berlese has been advanced to its 
more logical position as the order Protura of Silvestri, under the 
Hexapoda. This has been done with some reservation, but in 
accord with the trend of opinion among morphologists and probably 
most systematists. 

Probably the data for treating the suborder Entognatha of the 
Thysanura as a definite order are more numerous and more reliable 
than for the foregoing change in position of the Protura. Out of 
respect, however, for the careful conservatism of Professor Comstock, 
the writer has retained the Entognatha as a subordinate group in the 
Thysanura. This is, no doubt, illogical because Professor Comstock 
always kept pace with legitimate progress in his field of science. 
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The Hemimeridae has been advanced to its place in the Dermap- 
tera and the discussion briefly extended on the basis of the paper by 
Rehn and Rehn. 

At the suggestion of Dr. J. C. Bradley the suborder Idiogastra 
has been abandoned and the family Oryssidae included among the 
Chalastogastra. 

GLENN W. HERRICK 
Ithaca, July 1936. 


THE ORIGINAL PREFACE 


T IS now nearly thirty years since ‘‘A Manual for the Study of 
I Insects,” in the preparation of which I was aided by Mrs. Com- 
stock, was published. The great advances in the science of ento- 
mology during this period have made a revision of that work desirable. 
In the revision of the ‘‘ Manual”’ so many changes and additions have 
been found necessary that the result is a book differing greatly from 
the original work; for this reason, it is published under a different 
title. The title selected is that of an earlier work, an ‘“‘ Introduction 
to Entomology” published in 1888 and long out of print. 

Part I of the present volume was published separately in ro1g, in 
order that it might be available for the use of classes in insect mor- 
phology and also that an opportunity might be offered for the sugges- 
tion of desirable changes to be made before the incorporation of it in 
the completed work. Such suggestions have been received, with the 
result that some very important changes have been made in the text. 

In the preparation of this work I have received much help from 
my colleagues in the entomological department of Cornell University, 
for which I wish to make grateful acknowledgment, and especially 
to Dr. J. G. Needham for aid in the study of wing-venation, to Dr. 
O. A. Johannsen for help in the preparation of the chapter on the 
Diptera, to Dr. W. T. M. Forbes for help in the preparation of the 
chapter on the Lepidoptera, to Dr. J. C. Bradley for help in the prep- 
aration of the chapter on the Hymenoptera, and to Dr. J. T. Lloyd 
for the use of his figures of the cases of caddice worms. 

From the published works of Professors Herrick, Crosby and 
Slingerland, Crosby and Leonard, Sanderson, and Matheson I have 
gleaned much information; references to these and to the more im- 
portant of the other sources from which material has been drawn are 
indicated in the text and in the bibliography at the end of the volume. 
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References to the bibliography are made in the text by citing the 
name of the author and the year in which the paper quoted was 
published. 

The wood cuts used in the text were engraved from nature by 
Mrs. Anna B. Comstock for our joint work, ‘‘A Manual for the Study 
of Insects.’”’ The other original figures and the copies of published 
figures were drawn by Miss Anna C. Stryke, Miss Ellen Edmonson, 
Miss Mary Mekeel, Mr. Albert Force, Mrs. Louise Nash, and Miss 
E. L. Keyes. I am deeply indebted to each of these artists for the 
painstaking care shown in their work. 

As an aid to the pronunciation of the technical terms used and 
of the Latin names of insects, the accented syllable is marked with a 
sign indicating the quality of the vowel according to the English sys- 
tem of pronouncing Latin. 

Two objects have been kept constantly in mind in the preparation 
of this book: first, to aid the student in laying a firm foundation for 
his entomological studies; and second, to make available, so far as 
possible in the limited space of a handbook, a knowledge of the varied 
phenomena of the insect world. It is hoped that those who use this 
book will find delight in acquiring a more intimate acquaintance with 
these phenomena. 


JoHN Henry Comstock 
Entomological Department 
Cornell University 
August 1924. 
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THE STRUCTURE AND METAMORPHOSIS 
OF INSECTS 


CHAPTER I 


THE CHARACTERISTICS OF INSECTS AND OF THEIR 
NEAR RELATIVES 


Puoytum ARTHROPODA 
The Arthropods 


Ir an insect, a scorpion, a centipede, or a lobster be examined, 
the body will be found to be composed of a series of more or less 
similar rings or segments joined together; and some of these seg- 
ments will be found to bear jointed legs (Fig. 1). All animals possess- 
ing these characteristics are classed together 
as the Arthrépoda, one of the chief divisions or 
phyla of the animal kingdom. 

A similar segmented form of body is found 
among worms; but these are distinguished 
from the Arthropoda by the absence of legs. 
It should be remembered that many animals 
commonly called worms, as the tomato-worm, 
the cabbage-worm, and others, are not true 
worms, but are the larve of insects (Fig. 2). 
The angle-worm is the most familiar example 
of a true worm. 

In the case of certain arthropods the dis- 
tinctive characteristics of the phylum are 
not evident from a cursory examination. 
This may be due to a very generalized condi- 
tion, as perhaps is true of Pertpatus; but in 

Fig. 1—An arthropod. most instances it is due to a secondary modifi- 
cation of form, the result of adaptation to 
special modes of life. Thus the segmentation of the body may be 


SS =e 
Fig. 2.—A larva of an insect. 


(1) 
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obscured, as in spiders and in mites (Fig. 3); or the jointed append- 
ages may be absent, as in the larvee of flies (Fig. 4), of bees, and of 
In all of these cases, however, a careful study 


many other insects. 


Fig. 3.—A mite, an arth- 
ropod in which the 
segmentation of the 
body is obscured. The 
southern cattle-tick, 
Boophilus annulatus. 


of the structure of the animal, or 
of its complete life-history, or of 
other animals that are evidently 
closely allied to it removes any 
doubt regarding its being an 
arthropod. 

The phylum Arthropoda is 
the largest of the phyla of the 
animal kingdom, including many 
more known species than all the 
other phyla taken together. This 
vast assemblage of animals in- 
cludes forms differing widely in 
structure, all agreeing, however, 
in the possession of the essential 
characteristics of the Arthropoda. 


Several distinct types of arthropods are recognized; 
and those of each type are grouped together as a class. 

The number of distinct classes that should be recog- 
nized, and the relation of these classes to each other are 
matters regarding which there are still differences of 
opinion; we must have much more knowledge than we 
now possess before we can speak with any degree of 
certainty regarding them. 

Each of the classes enumerated below is regarded by 
all as a distinct group of animals; but in some cases there 
may be a question whether the group should be given 
the rank of a distinct class or not. The order in which the classes 
are discussed in this chapter is indicated in the following list. 


LIST OF THE CLASSES OF THE ARTHROPODA 


I. THE MOST PRIMITIVE ARTHROPODS 
Class Onychophora, page 4 


II. THE AQUATIC SERIES 
Class Crustacea, page 6 
Class Paleostracha, page 8 


Fig.4.-Larva 
of a fly, Tip- 
ula abdomt- 
PROUESS Bsa 
arthropod in 
which the de- 
velopment of 
the legs is re- 
tarded. 


III. AN OFFSHOOT OF THE AQUATIC SERIES, SECONDARILY AERIAL 
Class Arachnida, page 9 
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1V. DEGENERATE ARTHROPODS OF DOUBTFUL POSITION 
Class Pycnogonida, page ro 
Class Tardigrada, page 12 
Class Pentastomida, page 14 

V. THE PRIMARILY AERIAL SERIES 
Class Onychophora (See above) 
Class Diplopoda, page 15 
Class Pauropoda, page 18 
Class Chilopoda, page 20 
Class Symphyla, page 23 
Class Myrientomata, page 24 
Class Hexapoda, page 26 


TABLE OF CLASSES OF THE ARTHROPODA 


A.  Worm-like animals, with an unsegmented body, but with many 
UNO ed Lesa s MI C10 R.A eee ONYCHOPHORA 
AA. Body more or less distinctly segmented except in a few degen- 
erate forms. 
B. With two pairs of antennz and at least five pairs of legs; 
ToSpiewOts ACUAUIC. cease ae oe ke CRUSTACEA 
BB. Without or apparently without antenne. 
C. With well-developed aquatic respiratory organs. 
PALHOSTRACHA 
CC. With well-developed aerial respiratory organs or with- 
out distinct respiratory organs. 
D. With well-developed aerial respiratory organs. 
E. Body not resembling that of the Thysanura in form. 


ARACHNIDA 
EE. Body resembling that of the Thysanura in form 
(Family Eosentomide)........ MyRIENTOMATA 


DD. Without distinct respiratory organs. 
E. With distinctly segmented legs. 
F. Body resembling that of the Thysanura in form, but 
without antennz, and with three pairs of thoracic 
legs and three pairs of vestigial abdominal legs 


(Family Acerentomide)........ MyriIENTOMATA 
FF. With four or five pairs of ambulatory legs; 
abdomen ‘vestigiale. (2.00. .... PYCNOGONIDA 


EE. Legs not distinctly segmented. 
F. With four pairs of legs in the adult instar. 
TARDIGRADA 
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FF. Larva with two pairs of legs, adult without 
legs ..:Gh O3SG ee ee aoeees PENTASTOMIDA 
BBB. With one pair, and only one, of feeler-like antenne. 
Respiration aerial. 
C. With more than three pairs of legs, and without wings. 
D. With two pairs of legs on some of the body-segments. 


DrIPLopopDA 
DD. With only one pair of legs on each segment of the body. 
Ex eAntennce branched:.2ehG .o meee ee PAUROPODA 


EE. Antenne not branched. 

F. Head without a Y-shaped epicranial suture. 
Tarsi of legs with a single claw each. Opening of 
the reproductive organs near the caudal end of 
thie: bod y2r to... ee Wee ae es CHILOPODA 

FF. Head with a Y-shaped epicranial suture, as in 
insects. Tarsi of legs with two claws each. 
Opening of the reproductive organs near the head. 


us oho Rese Soho et ae | ard See eae SYMPHYLA 
CC. With only three pairs of legs, and usually with wings in 
theradult state <2.) ae eee eae HEXAPODA 


Crass ONYCHOPHORA 
The genus Pertpatus of authors 


The members of this class are air-breathing animals, with a nearly 
cylindrical, unsegmented body, which is furnished with many pairs of 
unjornted legs. The reproductive organs open near thehind end of thebody. 

The class Onychdphora occupies the position of a connecting link 
between the Arthropoda and the phylum Annulata or worms; and is 
therefore of the highest interest to students of systematic zoology. 
All known members of this class have been included until recently ina 
single genus Pertpatus; but now the fifty or more known species are 
distributed among nearly a dozen genera. 

The body 
(Fig. 5) is nearly 
cylindrical, cat- 
meme erpillar-like in 
“e-e2 form, but is un- 
; “ff segmented ex- 

ternally. It is 

furnished with 
many pairs of legs, the number of which varies in different species. 
The legs have a ringed appearance, but are not distinctly jointed. 


Fig. 5.—Peripatoides nove-zealandice. 
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The head bears a pair of ringed antennz (Fig. 6); behind these on 
the sides of the head, there is a pair of short appendages termed oral 
papille. The mouth opening is surrounded by a row of lobes which 
constitute the lips, and between these in the anterior part of the 
mouth-cavity there is an obtuse pro- 
jection, which bears a row of chitinous 
points. Within the mouth cavity there 
are two pairs of hooked plates, which 
have been termed the mandibles, the 
two plates of each side being regarded 
as a single mandible. 

Although the body is unsegmented 
externally, internally there are evi- 
dences of a metameric arrangement of 
parts. The ventral nerve cords, which 
at first sight appear to be without %& 
ganglia, are enlarged opposite each 
pair of legs, and these enlargments 


are regarded as rudimentary ganglia. Fig. 6.—Ventral view of the head 
We can, therefore speak of each sec- and first pair of legs of Pert- 
tion of a body corresponding to a ee abe ptetag 921 ore! 
pair of appendages asasegment. The 

metameric condition is farther indicated by the fact that most of 
these segments contain each a pair of nephridia; each nephridium 
opening at the base of a leg. 

The respiratory organs are short tracheze, which are rareiy 
branched, and in which the tenidia appear to be rudimentary.* In 
some species, the spiracles are distributed irregularly; in others, they 
are in longitudinal rows. 

The sexes are distinct. The reproductive organs open near the 
hind end of the body, either between the last or the next to the last 
pair of legs. 

The various species are found in damp situations, under the bark 
of rotten stumps, under stones or other objects on the ground. They 
have been found in Africa, in Australia, in South America, and in the 
West Indies. 

Their relationship to the Arthropoda is shown by the presence of 
paired appendages, one, or perhaps two, pairs of which are modified as 
jaws; the presence of tracheze which are found nowhere else except 


*It is quite possible that the “short trachee” described by writers on the 
structure of these animals are tracheoles. See the account of the distinguishing 
features of tracheze and tracheoles in Chapter III. 
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in the Arthropoda; the presence of paired ostia in the wall of the 
heart; and the presence of a vascular body cavity and pericardium. 
They resemble the Annulata in having a pair of nephridia in most 
of the segments of the body corresponding to the pairs of legs, and in 
having cilia in the generative tracts. 
An extended monograph of the Onychophora was published by 
Bouvier (’05-’07). 


Crass CRUSTACEA 
The Crustaceans 


The members of thts class are 
aquatic arthropods, which breathe 
by true gills. They have two 
pairs of antenne and at least five 
pairs of legs. The position of the 
openings of the reproductive organs 
* varies greatly; but as a rule they 
are situated far forward. 

The most familiar examples 
of the Crustacea are the cray- 
fishes, the lobsters, the shrimps, 
and the crabs. Cray-fishes (Fig. 
7) abound in our brooks, and are 
often improperly called crabs. 
The lobsters, the shrimps, and 

Fig. 7.—A cray-fish. the true crabs live in salt 
water. 

Excepting Limulus, the sole living representative of the class 
described next, the Crus- 
tacea are distinguished 
from all other arthro- 
pods by their mode of 
respiration, being the 
only ones that breathe 
by true gills. Many in- 
sects live in water and 
are furnished with gill- 
like organs; but these 
are either tracheal gills or 
blood-gills, organs which 
differ essentially in struc- 


‘ Fig. 8.—Minute crustaceans: a, Daphnia; 6 
ture from true gills. as Cypridopsis; c, Cyclops. a 
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described later. The Crustacea also differ from other Arthropoda 
in having two pairs of antenne. Rudiments of two pairs of antennz 
have been observed in the embryos of many other arthropods; but 
in these cases one or the other of the two pairs of antennz fail 
to develop. 

The examples of crustaceans named above are the more con- 
spicuous members of the class; but many other smaller forms abound 
both in the sea and in fresh water. Some of the more minute fresh- 
water forms are almost sure to occur in any fresh-water aquarium. 
In Figure 8 are repre- 
sented three of these 
greatly enlarged. The 
minute crustaceans form 
an important element in 
the food of fishes. 

Some crustaceans live 
“Vin damp places on land, 
“@ and are often found by 
collectors of insects; 
those most often ob- 
served are the sow-bugs 
(Oniscoida), which fre- 
quently occur about 
Fig. 9.—A sow-bug, Cylisticus convexus (From water-soaked wood. 
Richardson after Sars). Figure g represents one 
of these. 

As there are several, most excellent text books devoted to the 

Crustacea, it is unnecessary to discuss farther this class in this place. 
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Crass PALA OSTRACHA 


The King-crabs or Horseshoe-crabs 


The members of this class 
are aquatic arthropods, which 
resemble the Crustacea 1n that 
they breathe by true gills, but 
in other respects are closely 
allied to the Arachnida. They 
are apparently without 
antennae, the appendages hom- 
ologous to antenne being not 
feeler-like. The reproductive 
organs open near the base of 
the abdomen. 


The class Palzdstracha 
is composed almost entirely 
of extinct forms, there being 
living representatives of only 
asingle order, the Xiphosira, 
and this order is nearly 
extinct; for of it there re- 
mains only the genus 
Limulus, represented by 
only five known species. 


The members of this 
genus are known as king- 
crabs or horseshoe-crabs; Fig. 10.—A horseshoe crab, Limulus (After 

ns Packard). 
the former name is sug- 
gested by the great size of some of the species; the latter, by the 
shape of the cephalothorax (Fig. 10). 

The king-crabs are marine; they are found on our Atlantic Coast 
from Maine to Florida, in the West Indies, and on the eastern shores 
of Asia. They are found in from two to six fathoms of water on 
sandy and muddy shores; they burrow a short distance in the sand 
or mud and feed chiefly on worms. The single species of our coast is 
Limulus polyphémus. 
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o 


Crass ARACHNIDA 


Scorpions, Harvestmen, Spiders, Mites, and others 


The members of this class are air-breathing arthropods, in which the 
head and thorax are usually grown together, forming a cephalothorax, 
which have four pairs of legs, and which apparently have no antenne. 
The reproductive organs open near the base of the abdomen. 


Fig. 11¢ 


Fig. Ira Fig. 11d 


Fig. 11b 


Fig. 11.—Arachnids: a, a scorpion; 6, a harvestman. 
c, a spider; d, an itch-mite, from below and from 
above. 


The Arachnida abound wherever insects occur, and are often 
mistaken for insects. But they can be easily distinguished by the 
characters given above, even in those cases where an exception occurs 
to some one of them. ‘The more important of the exceptions are the 
following: in one order, the Solpugida, the head is distinct from the 
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thorax; as a rule the young of mites have only six legs, but a fourth 
pair is added during growth; and in the gall-mites there are only four 
legs. 

The Arachnida are air-breathing; but it is believed that they 
have been evolved from aquatic progenitors. Two forms of respira- 
tory organs exist in this class: first, book-lungs; and second, tubular 
tracheze. Some members of it possess only one of these types; but 
the greater number of spiders possess both. 

A striking characteristic of the Arachnida, which, however, is also 
nossessed by the Palaeostracha, is the absence of true jaws. In other 
arthropods one or more pairs of appendages are jaw-like form and 
are used exclusively as jaws; but in the Arachnida the prey is crushed 
either by the modified antenne alone or by these organs and other 
more or less leg-like appendages. The arachnids suck the blood of 
their victims by means of a sucking stomach; they crush their prey, 
but do not masticate it so as to swallow the solid parts. 

In the Arachnida there exist only simple eyes. 

The reproductive organs open near the base of the abdomen on the 
ventral side. In this respect the Arachnida resemble Limulus, the 
millipedes, and the Crustacea, and differ from the centipedes and 
insects. 

Among the more familiar representatives of this class are the 
scorpions (Fig. 11, a), the harvestmen (Fig. 11, 6), the spiders (Fig. 
11, c), and the mites (Fig. 11, d). 

As the writer has devoted a separate volume (Comstock, ’12) to 
the Arachnida, it will not be discussed farther in this place. 


Ciass PYCNOGONIDA 
The Pycnogonids 


The members of this class are marine arachnid-like arthropods, in 
which the cephalothorax bears typically seven pairs of jointed appen- 
dages, but in a few forms there are eight pairs, and in some the anterior 
two or three pairs are absent; and in which the abdomen is reduced to a 
legless, unsegmented condition. They possess a circulatory system, but 
no evident respiratory organs. The reproductive organs open through 
the second segment of the legs; the number of legs bearing these opening 
varies from one to five pairs. 

The Pycnogdnida or pycndgonids are marine animals, which bear 
a superficial resemblance to spiders (Fig. 12). Some of them are 
found under stones, near the low water line, on sea shores; but they 
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are more abundant in deep water. Some are found attached to sea- 
anemones, upon which they probably prey; others are found climbing 


Fig. 12.—A pycnogonid, Nymphon hispidum: c, chelophore; p, 
palpus; 0, ovigerous legs; /, /, 1, 1, ambulatory legs; ab, abdo- 
men (After Hoeck). 


over sea-weeds and Hydroids; and sometimes they are dredged in 
great numbers from deep water. 

They possess a suctorial proboscis. In none of the appendages are 
the basal segments modified into organs for crushing the prey. 

The cephalothorax comprises almost the entire body; the abdomen 
being reduced to a mere vestige, without appendages, and with no 
external indication of segmentation. But the presence of two pairs 
of abdominal ganglia indicates that originally the abdomen consisted 
of more than one segment. 

There are typically seven pairs of appendages; but a few forms 
possess eight pairs; and in some the first two or three pairs are absent. 
The appendages, when all are present, consist of a pair of chelophores, 
each of which when well-developed consists of one or two basal seg- 
ments and a chelate “‘hand’’; the palpi, which are supposed to be 
tactile, and which have from five to ten joints when well-developed; 
the ovigerous legs, which are so-called because in the males they are 
used for holding the mass of eggs beneath the body; and the ambula- 
tory legs, of which there are usually four pairs, but a few forms possess 
a fifth pair. The ambulatory legs consist each of eight segments and 
a terminal claw. 

The only organs of special sense that have been found in these 
animals are the eyes. These are absent or at least very poorly 
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developed in some forms, especially those that are found in very deep 
water, 2.e. below four or five hundred fathoms. When well-developed 
they are simple, and consist of two pairs, situated on a tubercle, on 
the head or the first compound segment of the body, the segment that 
bears the first four pairs of appendages. 

The reproductive organs open in the second segment of the legs. 
In some these openings occur only in the last pair of legs; in others, in 
all of the ambulatory legs. 

Very little is known regarding the habits of these animals. The 
most interesting features that have been observed are perhaps the 
facts that the males carry the eggs in a mass, held beneath the body 
by the third pair of appendages, the ovigerous legs, and also carry 
the young for a time. 

As to the systematic position of the class Pycnogonida, very little 
can be said. These animals are doubtless arthropods, and they are 
commonly placed near the Arachnida. 


Crass TARDIGRADA 
The Tardigrades or Bear Animalcules 


The members of this class are very minute segmented animals, with 
four pairs of legs, but without antenne or mouth-appendages, and without 
special circulatory or respiratory organs; the reproductive organs open 
into the intestine. 

The Tardigrada or tardigrades are microscopic animals, measuring 
from one seventy-fifth to one twenty-fifth of an inch in length. They 
are somewhat mite-like in appearance; but are very different from 
mites in structure (Fig. 13 and 14). 

The head bears neither antennae nor mouth-appendages. The 
four pairs of legs are short, unjointed, and are distributed along the 
entire length of the body, the 
fourth pair being at the cau- 
dal end. Each leg is termin- 
ated by claws, which differ in 
number and form in different 
genera. 

The more striking features 
: . of the internal structure of 
Se IER AMEE ECL: these animals is the absence of 
special circulatory and respiratory organs; the presence of a pair of 
chitinous teeth, either in the oral cavity or a short distance back of 


igen 3: 
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it; the presence of Malpighian tubules; the unpaired condition of 
the reproductive organs of both sexes; and the fact that these organs 
open into the intestine. The central nervous system consists of a 
brain, a subcesophageal ganglion, and a ventral chain of four Say 
connected by widely separated connectives. 3 

The tardigrades are very abundant, and are very widely diss 
tributed. Some live in fresh water, a few are marine, but most of 
them live in damp places, and especially on the roots of moss, growing 
in gutters, on roofs or trees, or in ditches.: 
But although they are common, their! 
minute size and retiring habits result in 
their being rarely seen except by those 
who are seeking them. ( 

Many of them have the power of 
withstanding desiccation for a long period. 
This has been demonstrated artificially by 
placing them on a microscopic slide and 
allowing the mositure to evaporate 
slowly. The body shrinks, its skin 
becomes wrinkled, and finally it assumes 
the appearance of a grain of sand in 
which no parts can be distinguished. In 
this state they can remain, it is said, for 
years; after which, if water be added, 
the body swells, assumes its normal form, 
and after a time, the creatures resume 
their activities. es , 

Regarding the systematic position of eae ica alias 
this class of animals nothing definite can 
be stated beyond the fact that they are doubtless arthropods. Their 
relationship to the other classes of arthropods has been masked by 
degenerative modifications. They are placed here near the end of 
the series of classes of arthropods, merely as a matter of convenience, 
in what may be termed an appendix to the arthropod series, which: 
includes animals of doubtful relationships. 
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Crass PENTASTOMIDA 


The Pentastomids or Linguatulids 


Tie members of this class are degenerate, worm-like, parasttic 
arthropods, which in the adult state have no appendages, except two patrs 
of hooks near the mouth; the larve have two pairs of short legs. These 
animals possess neither circulatory nor respiratory organs. The 
reproductive organs of the male open a short distance behind the mouth; 
those of the female near the caudal end of the body. 

The Pentastémida or pentastomids are worm-like creatures, whose 
form has been greatly modified by their parasitic life. The adults 
bear little resemblance to any other arthropods. Representatives of 
three genera are known. These are Lingudtula in which the body is 
fluke-like in form(Fig. 15) andsuperficially annulated; Porocéphalus, 
in which the body is cylindrical (Fig. 16) andringed; and Reighdrdza, 
which is devoid of annulations, and with poorly developed hooks and 
a mouth-armature. 

The arthropodan nature of these animals is 
indicated by the form of the larve, which although 
greatly degenerate, are less so than the adults, 
having two pairs of legs (Fig. 17). 


Fig. 15.—A pentasto- 
mid, Lineguatula 
tentoides, f:male at 
the time of copula- 


Fig. 17 —A pentastomid, larva of 
Porocephalus proboscideus, seen 


tion: h, hooks; oe, __ from below, highly magnified: 1, 
cesophagus, rs, re- Fig. 16.—A pentastomid, boring anterior end; 2, first pair 
ceptacula _seminis, Porocephalus annulatus; of chitinous processes seen be- 
one of which is still a, ventral view of head, _ tween the forks of the second pair; 
empty; 7, intestine; greatly enlarged; 6, 3, ventral nerve ganglion; 4, ali- 


on Pte, va, Mea roe ek eee mentary canal; 5, mouth; 6 and 
rom Lang after slightly enlarged (After 7, gland cells (From Shipley aft 
Leuckart). Shipley). biifes). Pps 
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Like many of the parasitic worms, these animals, in some cases at 
least, pass their larval life in one host, and complete their development 
in another of a different species; some larvz being found in the bodies 
of herbivorous animals and the adults in predacious animals that feed 
on these herbivorous hosts. 

The systematic position of the pentastomids is very uncertain. 
They have been considered by some writers to be allied to the mites. 
But it seems better to merely place them in this appendix to the 
arthropod series until more is known of their relationships. 


Ciass DIPLOPODA 
The Mullipedes or Diplopods 


The members of this class are air-breathing arthropods in which the 
head 1s distinct, and the remaining segments of the body form a continuous 
region. The greater number of the body-segments are so grouped that 
each apparent segment bears two pairs of legs. The antenne are short 
and very similar to the legs. The openings of the reproductive organs are 
paired, and situated behind the second pair of legs. 


rig. 18.—A millipede, Spirobolus marginatus. 


The Diplépoda and the three following classes were formerly 
grouped together as a single class, the Myridpoda. But this grouping 
has been abandoned, because it has been found that the Chilopoda are 
more closely allied to the insects than they are to the Diplopoda; and 
the Pauropoda and Symphyla are both very distinct from the Diplo- 
poda on the one hand and the Chilopoda on the other. Owing to the 
very general and long continued use of the term Myriapoda, the 
student who wishes to look up the literature on these four classes 
should consult the references under this older name. 

The most distinctive feature of the millipedes is that which sug- 
gested the name Diplopoda for the class, the fact that throughout the 
greater part of the length of the body there appears to be two pairs of 
legs borne by each segment (Fig. 18). 

This apparent doubling of the appendages is due to a grouping of 
the segments in pairs and either a consolidation of the two terga of 
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each pair or the non-development of one of them; which of these 
alternatives is the case has not been definitely determined. 

It is clear, however, that there has been a grouping ofthe seg- 
ments in pairs in the region where the appendages are doubled, for 
corresponding with each tergum there are two sterna and two pairs of 
spiracles. ‘ 

A few of the anterior body segments, usually three or four in 
number, and sometimes one or two of the caudal segments remain 
single. Frequently one-of the anterior single segments is legless, but 


the particular segment that lacks legs differs in the different families. 

The head, which is as distinct as is the head of insects, bears the 
antennz, the eyes, and the mouth-parts. The antenne are short, 
and usually consist each of seven segments. The eyes are usually 
represented by a group of ocelli on each side of the 
head; but the ocelli vary greatly in number, and are 7d 
sometimes absent. The mouth-parts consist of an rary ” 
upper lip or labrum; a pair of mandibles; and a pair — fe 
of jaws, which are united at the base, forming a large ’ 
plate, which is known as the gnathéchilarium. In 
the genus Polyxenus there is a pair of lobes between m “=. 
the mandibles and the gnathochilarium, which have . 
been named the maxillule. (paragnatha?). 

The labrum is merely the anterior part of the Pig. poem: 
upper wall of the head and, as in insects, is not an any d, een 
appendage. The mandibles, in the forms in which ™™, muscle; ma, 
they are best developed, are fitted for biting, and roe Rao eee 
consist of several parts (Fig. 19); butin some forms stipes (After 
they are vestigial. The gnathochilarium (Fig. 20) is sea 
complicated in structure, the details of which vary greatly in different 
genera. 


Fig. 20.—The gnathochilarium or second jaws of three dipl & } 
: plopods; A, Spirostr 
tus; B, Juluss C, Glomeris: c,cardo; h, hypostoma; lg, ieee mM, eee 
bm, promentum; st, stipes (After Silvestri). 
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In one subdivision of the class Diplopoda, which is represented 
by the genus Polyxenus and a few others, the mandibles are one- 


jointed; and _ be- 
tween the mandi- 
bles and _.the 
gnathochilarium 
there is a pair of 
one-jointed lobes, 
which have not 
been found in 
other diplopods: 
these are the ‘“‘max 
illule’ (Fig. 21) 
The correspondence 


Shee omy gee pair of jaws, maxillule, and the of the parts of the 
third pair of jaws, maxilla or gnathochilarium, of ee 
Polyxenus; the parts of the maxilla or gnathochila- gnathochilarium of 


rium are stippled and some are omitted on theright Polyxenus and its 
side of the figure: mb, basal membrane of the labium; : : 
la, “labium”’ of Carpenter, perhaps the mentum and allies with the parts 


promen tam of the gnathochilarium; mx, basalseg- of the gnathocil- 
ment of the maxilla, perhaps the stipes of the : ca 
gnathochilarium; mx.lo,lobe of the maxilla; mx. p, larium of other di 


maxillary palpus; h, tongue or hypopharynx; mxl, plopods has not 
maxillula; ji. flagellate process (After Carpenter). peen satisfactorily 
determined. 

Most of our more common millipedes possess stink-glands, which 
open by pores on a greater or less number of the body segments. 
These glands are the only means of defence possessed by millipedes, 
except the hard cuticula protecting the body. 

The millipedes as a rule are harmless, living in damp places and 
feeding on decaying vegetable matter; but there are a few species 
that occasionally feed upon growing plants. 

For a more detailed account of the Diplopoda see Pocock (’11). 
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Crass PAUROPODA 
The Pauropods 


The members of this class are small arthropods in which the head 1s 
distinct, and the segments of the body form a single continuous region. 
Most of the body-segments bear each a single pair of legs. Although 
most of the terga of the body-segments are usually fused in couples, the 
legs are not grouped in double pairs as in the Diplopoda. The antenne 
are branched. The reproductive organs open in the third segment back 
of the head. 


The Paurdpoda or pauropods are minute creatures, the described 
species measuring only about one twenty-fifth inch in length, more 
or less. They resemble centipedes in the elongated form of the body 
and in the fact that the legs are not grouped in double pairs as in the 
Diplopoda, Sone the terga of the body-region are usually fused in 
couples. These characteris- 
tics are well-shown by the 
dorsal and ventral views of 
Pauropus (Fig. 22 and 23). 

Although the pauropods 
resemble the chilopods in 
the distribution of their legs, 
they differ widely in the 
position of the openings of 
the reproductive organs. 
These open in the third seg- 
ment back of the head; that 
of the female is single, those 
of the male are double. 

The head is distinct from BEEN 
the body-region. It bears / PRA Ff 
one pair of antenne andtwo ’ / \ 
pairs of jaws; the eyes are 
absent but there is an eye- j 


Riz 22-4 pauroped: like spot on each side of the Fig. 23.—Pauropus 


Pauropus huxleyi, dor- head (Fig. 24). The first let, ventral 
sal aspect (After Ken- : : aspect (After 
yon). pair of jaws are large, one- —_ Lubbock). 


jointed mandibles; the 
second pair are short pear-shaped organs. Between these two pairs 
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of jaws, there is a horny framework forming a kind of lower lip to the 
mouth (Fig. 25). The homologies of the mouth-parts with those of 

ne ; the allied classes of arthropods have not 
been determined. 

The body-region consists of twelve 
segments. This is most clearly seen by 
an examination of the ventral aspect of 
the body. When the body is viewed from 
above the number of segments appears to 
be less, owing to the fact that the terga of 
the first ten segments are fused in 
yee ey race ao Hise couples. Nine of the body-segments bear 

the antenne, the mandibles, well-developed legs. The appendages of 
amt vehirts spots (After the first segment are vestigial, and the, 
last two segments bear no appendages. 
The most distinctive feature of mem- 
bers of this class is the form of the 
antenne, which differ from those of all 
other arthropods in structure. Each 
antenna (Fig. 26) consists of four short 
basal segments and a pair of one-jointed 
branches borne by the fourth segment. 
One of these branches bears along, many- / 
ringed filament with a rounded apical ' 
knob; and the other branch bears two 
such filaments with a globular or pear- iB 
shaped body between them. This is prob- = Bole Ne waar 


ably an organ of special sense. Fig. 25.—Mouth-parts of Eury- 
- pauropus ornatus; md, man- 
The pauropods live under leaves and ible; mx, second jaws; J, 


stones and in other damp situations. ower lip (After Latzel). 

Representatives of two quite distinct families are found in this 
country and in various other parts of the world. In addition to these 
a third family, the 
Brachy pauropédide, 
is found in Europe. 
In this family the 
pairs of terga consist 
each of two distinct 
plates. Our two 
families are the fol- 


Tig. 26.—Antenna of Eurypauropus spinosus : 
(After Kenyon). lowing: 
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Family Pauropédide—In members of this family the head is 
not covered by the first tergal plate and the anal segment is not 
covered by the sixth tergal plate. 

The best known representatives of this 
family belong to the genus Pauropus (Fig. 
22). This genus is widely distributed, represen- 
tatives having been found in Europe and in both 
North and South America. They are active, 
measure about one twenty-fifth inch in length, 
and are white. 


; Family Eurypaurépide—The, members of 
Wiinaisetverwe ~ this family are characterized:by the wide form 
Bie of the body, which bears some resemblance to 
that of a sow-bug. The head is concealed by the 
first tergum of the body-region; and the anal 
segment, by the penultimate tergum. Our most 
familiar representative is Eurypauropus spinosus 
Fig. 27.—Eurypauro- (Pig. 27). This, unlike Pauropus, is slow in its 


pus spinosus (After 
Kenyon). movements. 


Ciass CHILOPODA 
The Centipedes or Chilopods 


The members of this class are air-breathing arthropods in which the 
head ts distinct, and the remaining segments of the body form a continuous 
region. The numerous pairs of legs are not grouped in double pairs, as 
in the Diplopoda. The antenne are long and many-jointed. The 
appendages of the first body-segment are jaw-like and function as organs 
of offense, the poison-jaws. The opening of the reproductive organs is 
in the next to the last segment of the body. 

The animals constituting the class Chilépoda or chilopods are 
commonly known as centipedes. They vary to a considerable degree 
in the form of the body, but in all except perhaps the sub-class 
Notostigma the body-segments are distinct, not grouped in couples 
as in the diplopods (Fig. 28). They are sharply distinguished from 
the three preceding classes in the possession of poison-jaws and in 
having the opening of the reproductive organs at the caudal end of 
the body. 

The antenne are large, flexible. and consist of fourteen or more 

egments. There are four pairs of jaws including the jaw-like 
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appendages of the first body-segment. 


These: are the mandibles 


(Fig. 29, A), which aire stout’ and consist each of two segments; the 


Fig, 28.—A centipede 
Bothropolys multi- 
dentatus. 


maxille (Fig. 29, B, a), which are foliaceous, 
and usnally regarded as biramous; the second 
maxillé or palpognaths, which are leg-like in 
form, consisting of five or six segments, and 
usually have the coxze united on the middle 
line of the body (Fig. 29, B, b), and the poison- 
claws or toxicognaths, which are the appendages 
of the first body-segment (Fig. 29, C). 

The, poison-claws consist each of six seg- 
ment s, of which the basal one, or coxa is usually 


4 fused with its fellow, the two forming a large 


coxal plate, and the distal one is a strong pierc- 
ing fang in which there is the opening of the 
duct leading from a poison gland, which is in 
the appendage. 

The legs consist typically of six segments, 
of which the last, the tarsus, is armed with a 
single terminal claw. The last pair of legs are 
directed backwards, and are often greatly 
modified in form. 


The class Chilopoda includes two quite distinct groups of animals 


which are regarded 
stigma and the Noto- 
stigma. The names 
of the sub-classes 
refer to the position 
of the spiracles. 


SuB-CLass 
PLEUROSTIGMA 


The typical Centipedes 


In the typical cen- 
tipedes, the sub-class 
Pleurostigma, the 
spiracles are paired 


by Pocock (11) as sub-classes, the Pleuro- 


Fig. 29.—Mouth-parts of a centipede, Geophilus flavi- 
dus. A, right mandible, greatly enlarged. B, the 
two pairs of maxille, less enlarged; a, the united 
coxe of the maxille; 6, the united coxe of the 
second maxillz or palpognaths. C,the poison claws 
or toxicognaths (After Latzel) 


and are situated in the sides of the segments that bear them. Each 
leg-bearing segment contains a distinct tergum and sternum, the 


number of sterna never exceeding that of the terga. 


The eyes 
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when present are simple ocelli; but there may be a group of ocelli 
on each side of the head. Figure 28 represents a typical centipede. 


Fig. 30.—Scutigera forceps. 


Sus-CLass NOTOSTIGMA 


Scutigera and its Allies 


In the genus Scutigera and its allies, 
which constitute the sub-class Notostigma, 
there is a very distinctive type of respiratory 
organs. There is a single spiracle in each 
of the spiracle-bearing segments, which are 
seven in number. These spiracles open in 
the middle line of the back, each in the hind 
margin of one of the seven prominent terga 
of the body-region. Each spiracle leads into 
a short sac from which the tracheal tubes 
extend into the pericardial blood-sinus. 

There are fifteen leg-bearing segments in 
the body region; but the terga of these 
segments are reduced to seven by fusion and 
suppression. 

The eyes differ from those of afl other 
members of the old group Myriapoda in 
being compound, the ommatidia resembling 
in structure the ommatidia of the compound 
eyes of insects. 

The following species is the most familiar 
representative of the Notostigma. 

The house centipede, Scutigera forceps.— 
This centipede attracts attention on account 
of the great length of its appendages 
(Fig. 30), and the fact that it is often seen, 


in the regions where it is common, running on the walls of rooms in 
dwelling houses, where it hunts for flies and otherinsects. It prefers 
damp situations; in houses it is most frequently found in cellars, 


bathrooms, and closets. 


Sometimes it becomes very abundant in 


conservatories, living among the stored pots and about the heating 
pipes. It is much more common in the South than in the North, 
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The body of the adult measures an inch or a little more in 
length. It is difficult to obtain perfect specimens, as they shed 


their legs when seized. 


Fig. 31.—Scolopendrella 
(After Latzel). 


Crass SYMPHYLA 
The Symphylids 


The members of this class are small 
arthropods in which the head ts distinct, and 
the segments of the body form a single con- 
tinuous region. Most of the body-segments 
bear a single pair of legs. The antenne are 
very long and many-jointed. The head bears 
a Y-shaped epicranial suture, as in insects. 
The opening of the reproductive organs 1s in 
the third segment behind the head. 


The class S¥mphyla includes a small 
number of many-legged arthropods which 
exhibit striking affinities with insects, and 
especially with the Thysanura. The body 
is centipede-like in form (Fig. 31). The 
head is distinct, and is not bent down 


as it is in the diplopods and pauro- 
pods; it is shaped as in Thysanura and 
bears a Y-shaped epicranial suture. The 
body-region bears fifteen terga, which are 
distinct, not grouped in couples as in the 
two preceding classes; and there are 
eleven or twelve pairs of legs. 

The antenne are long and vary greatly 
in the number of the segments. There are 
no eyes. The mandibles, the “maxillulz’”’ 
(paragnatha), the maxilla, and the sec- 
ond maxille or labium are present. 


The mandibles (Fig. 32, md) are two- 
jointed; the maxillule (Fig. 33, m) are 


Fig. 32.—Mouth-parts of 
Scolopendrella seen from 
below; md, mandible; mx, 
maxilla; s, stipes; p, pal- 
pus; J, second maxillze or 
labium. The mandible on 
the right side of the figure 
is omitted (After Hansen). 


small, not segmented, and are attached to a median lobe or 
hypopharynx (Fig. 33, ); they are hidden when the mouth-parts 
are viewed from below as represented in Figure 32; the maville (Fig. 


24 \ AN INTRODUCTION TO ENTOMOLOGY 


32, mx) resemble in a striking degree the maxillz of insects, consisting 
of a long stipes, (s), which:bears a minute palpus, (p), and an outer 
and inner lobe; the second maxille or labium (Fig. 
32,1) also resembles the corresponding part of the 
more generalized insects, being composed of a Dae 
of united gnathites. 

The legs of the first pair are reduced in size ond 
: Fig. 33.—The hy- 
in the number of their segments. The other legs popharynx (bh) 
consist each of five segments; the last segment andmaxillule(m) 
bears a pair of claws. Excepting the first two Patee, Fonccay 
pairs of legs, each leg bears on its proximal seg- mee 
ment a slender cylindrical process, the parapddium | (Big. eile SON 
These parapodia appear to correspond with the, Soe ‘of the 
Thysanura. 

At the caudal end of the body there is a pair of 
appendages, which are believed to be homologous 
with the cerci of insects (Fig. 35, ¢). 

A striking peculiarity of the symphylids is that 

Fig. a4 eg of they possess only a single pair of tracheal tubes, 

p, parapodium, Which open by a pair of spiracles, situated in the 
head beneath the insertion of the antennz. 

The members of this class are of small size, the 
larger ones measuring about one-fourth inch in 
length. They live in earth under stones and decay- 
ing wood, and in other damp situations. _Imma- 
ture individuals possess fewer body-segments 
and legs than do adults. 

Less than thirty species have been described; 
but doubtless many more remain to be discovered. 


The known species are classed in two genera: Fig, 35.—The caudal 

‘Scolopendrélla and Scutigerélla. Intheformerthe end of the body of 

Scolopendrella; ip 

posterior angles of the terga are produced and leg; c, cercus (After 
angular; while in the latter they are rounded. Latzel). 


A monograph of the Symphyla has been published by Hansen (’03). 


CLrass MYRIENTOMATA 
Professor Comstock, in the former editions of this book, gave this 
group of arthropods the rank of a class, coordinate with the other 
classes of the Arthropoda. 
The position and rank of these animals were uncertain at the 
time the Introduction was written. Indeed, the affinities of the 
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Protura are not yet clearly understood, but the general opinion 
among morphologists and sys- 
tematists is tending more and 
more to place these tity crea- 
tures in an ordinal group, the 
Protura, among the insects in the 
class Hexapoda. It has seemed 
best to follow this general trend . 
and we have, therefore, trans- 
ferred this group to the class 
Hexapoda, order Protura, on p. 
220. 

In commenting on the posi- 
tion of the group in the original 
edition of the Introduction, Pro- 
fessor Comstock gave the follow- 
ing discussion and explanation of 
his conclusions.at that time: 

“The first discovered species 
was described in’ 1907 by Profes- 
sor F. Silvestri of Portici, who: 
regarded it as the type of a dis- 
tinct order of insects, for which 
he proposed the name Protura. 
Later Professor Antonio Berlese 
of Florence described several 
additional species, and published Fig. 36.—Acerentomon doderoi: A, dor- 
an extended monograph of the _ sal aspect; B, ventral aspect; 1,1, 1, 

) vestigial abdominal legs (After 
order (Berlese ’og 0). Berlese). 

“Professor Berlese concluded 
that these arthopods are more closely allied to the Myriapoda and 
especially to the Pauropoda than they are tothe insects, and changed 
the name of the order, in an arbitrary manner, to Myrientomata. 

“Tt seems clear to me that in either case whether the order is classed 
among the insects or assigned to some other position it should be 
known by the name first given to it, that is, the Protira. 

“Tn the present state of our knowledge of the affinities of the classes 
of arthropods, it seems best to regard the Protura as representing a 
separate class, of rank equal to that of the Pauropoda, Symphyla, 
etc.; and for this class I have adopted the name proposed for the 
group by Berlese, that is the Myrientomata.”’ 
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Crass HEXAPODA 
The Insects 


The members of this class are air-breathing arthropods, with distinct 
head, thorax, and abdomen. They have one pair of antennae, three pairs 
of legs, and usually one or two pairs of wings in the adult state. The 
opening of the reproductive organs 1s near the caudal end of the body. 

We have now reached in our hasty review of the classes of arthro- 
pods the class of animals to which this book is chiefly devoted, the 
Hexapoda,* or Insects, the study of which is termed entomology. 

The number of species of insects now known is around 600,000, 
perhaps more rather than less. The number of species yet undescribed 
is purely problematical. Probably there are hundreds of thousands 
of unknown forms distributed over the tropical portions of the earth. 

Insects vary greatly in size. Folsom says that some insects 
are smaller than the largest protozoans, while some are larger than 
the smallest vertebrates. A beetle, Dynastes hercules from Vene- 
zuela, which may be 155mm. long, and a Venezuelan grasshopper, 
Tropidacris latreillet, which may attain a length of 166mm., are 
among the largest insects. Some moths of the genus Attacus may 
have a wing expanse of from 240 to 255mm. while a Brazilian noctuid, 
Erebus agrippina, is said to have a wing expanse of 280mm. On the 
other hand, certain beetles of the family Trichopterygidae may be 
but .25mm. in length, and some hymenopterous egg parasites are 
even smaller. 

Insects are essentially terrestrial; and in the struggle for existence 
they are the most successful of all terrestrial animals, outnumbering 
both in species and individuals all others together. On the land they 
abound under the greatest variety of conditions, special forms having 
been evolved fitted to live in each of the various situations where 
other animals and plants can live; but insects are not restricted to 
dry land, for many aquatic forms have been developed. 

The aquatic insects are almost entirely restricted to small bodies 
of fresh water, as streams and ponds, where they exist in great num- 
bers. Larger bodies of fresh water and the seas are nearly destitute 
of them except at the shores. 


*Hexapoda: hex (#&), six; pous (mods), a foot. 


CHARACTERISTICS OF INSECTS AND THEIR RELATIVES 27 


As might be inferred from a consideration of the immense number 
of insects, the part they play in the economy of nature is an exceed- 
ingly important one. Whether this part is to be considered a bene- 
ficial or an injurious one when judged from the human standpoint 
would be an exceedingly difficult question to determine. For if 
insects were to be removed from the earth the whole face of nature 
would be changed. 

While the removal of insects from the earth would eliminate many 
pests that prey on vegetation, would relieve many animals of annoying 
parasites, and would remove some of the most terrible diseases to 
which our race is subject, it would result in the destruction of many 
groups of animals that depend, either 
directly or indirectly, upon insects for food, 
and the destruction of many flowering 
plants that depend upon insects for the 
fertilization of their blossoms. Truly this 
world would speedily become a very differ- 
ent one if insects were exterminated. 

It may seem idle to consider what 
} would be the result of the total destruction 
of insects; but it is not wholly so. A care- 
ful study of this question will do much 
to open our eyes to an appreciation of the 
wonderful “‘web of life’’ of which we are a 
part. 


Fig. 37.—Wasp with head, p : : 
thorax, and abdomen Most adult insects can be readily dis- 


pe halt tinguished from other arthropods by the 


form of the body, the segments being grouped into three distinct 
regions, head, thorax, and abdomen (Fig. 37), by the possession of 
only three pairs of legs, and in most cases by the presence of wings. 

The head bears a single pair of 
antenne, the organs of sight, and the 
mouth-parts. To the thorax, are 
articulated the organs of locomotion, 
the legs and the wings when they are 
present. The abdomen is usually 
without organs of locomotion but Fig. 38.—Nymph of the red- 
frequently bears other appendages at legged locust. 
the caudal end. 

These characteristics are also possessed by the immature forms 
of several of the orders of insects; although with these the wings are 
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rudimentary (Fig. 38). But in other orders of insects the immature 
forms have been greatly modified to‘adapt them to special modes of 
life, with the result that they depart widely from the insect type. For 
example, the larvee of bees, wasps, flies, and many beetles are legless 
and more or less worm-like in form (Fig. 4) ; while the larvee of butter- 
flies‘and moths possess abdominal as well as thoracic legs (Fig. 39). 


Fig. 39.—A larva of a handmaid moth, Datana. 


Although the presence of wings in the adult state is characteristic 
of most insects, there are two orders of insects, the Thysanura and 
the Collembola, in which wings are absent. These orders represent 
a branch of the insect series that separated from the main stem before 


Fig. 40.—A mealy-bug, 
Dactylopius. 


the evolution of wings took place; their wing- 
less condition is, therefore, a primitive one. 
There are also certain other insects, as the lice 
and bird-lice, that are wingless. But it is 
believed that these have descended from 
winged insects, and have been degraded by 
their parasitic life; in these cases the wingless 
condition is an acquired one. Beside these 
there are many species belonging to orders in 
which most of the species are winged that 
have acquired a wingless condition in one or 
both sexes. Familiar examples of these are the 
females of the Coccide (Fig. 40), and the 
females of the canker-worm moths. In fact, 
wingless forms occur in most of the orders of 
winged insects. 


As the structure and transformations of insects are described in 
detail in the following chapters, it is unnecessary to dwell farther on 
the characteristics of the Hexapoda in this place. 


CHAPTER I, 
THE EXTERNAL ANATOMY OF INSECTS 
I. THE STRUCTURE OF THE BODY-WALL 


a. THE THREE LAYERS OF THE BODY-WALL 


THREE, more or less distinct, layers can be recognized in the body- 
wall of an insect: first, the outer, protecting layer, the cuticula; 
second, an intermediate, cellular layer, the hypodermis; and third, an 
inner, delicate, membranous layer, the basement membrane. These 
layers can be distinguished 
only by a study of carefully 
prepared, microscopic — sec- 
tions of the body-wall. 
Figure 41 represents the ap- 
pearance of such a section. 
As the outer and inner layers 
are derived from the hypo- 
dermis, this layer will be 
described first. 

The hypodermis.—The ac- 
tive living part of the body- 


Fig. 4I.—A section of the body-wall of ‘ 
an insect: c, cuticula; h, hypodermis; wall consists of a layer of cells, 


bm, basement membrane; e, epidermis, which is termed the hypo- 


d dermis; tr, trichogen; s, seta. ; ; 
; dérmis (Fig. 41, h). 


The hypodermis is a portion of one of the germ-layers, the ectoderm. In 
other words, that portion of the ectoderm which in the course of the development 
of the insect comes to form a part of the body- wall is termed the hypodermis; 
while to invaginated portions of the ectoderm other terms are applied, as the 
epithelial layer of the trachex, the epithelial layer of the fore-intestine, and the 
epithelial layer of the hind-intestine. 


The cells of which the hypodermis is composed vary in shape; but 
they are usually columnar in form, constituting what is known to 
histologists as a columnar epithelium. Sometimes the cells are so 
flattened that they form a simple pavement epithelium. I know of 
no case in which the hypodermis consists of more than a single layer 
of cells; although in wing-buds and buds of other appendages, where 
the cells are fusiform, and are much crowded, it appears to be irregu- 

(29) 
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larly stratified. This is due to the fact that the nuclei of the different 
cells are at different levels. 

The Trichogens.—Certain of the hypodermal cells become highly 
specialized and produce hollow, hair-like organs, the setae, with 
which they remain connected through pores in the cuticula. Such a 
hair-forming cell is termed a trichogen (Fig. 41, tr); and the pore in 
the cuticula is termed a trichopore. 


The cuticula.—Outside of the hypodermis there is a firm layer 
which protects the body and serves as a support for the internal 
organs; this is the cuticula (Fig. 41, c). The cuticula is produced by 
the hypodermis; the method of its production is discussed on p. 171, 
where the molting of insects is treated. The cuticula is not destroyed 
by caustic potash; it is easy, therefore, to separate it from the tissues 
of the body by boiling or soaking it in an aqueous solution of this 
substance. 

Chitin.—This word was introduced into entomology by Odier in 
1823 for the colorless, flexible covering of the arthropods after the 
integument had been boiled in caustic potash and the albuminous, 
oily, coloring and mineral substances had been removed thereby. 
By a not unusual turn in the use of words, chitin has come to mean, 
as stated by Newport (1836-1839): ‘““The peculiar substance that 
constitutes the hard portion of the dermo-skeleton [in insects].’’ 
From 1870 and onward the words chitinize and chitinization have 
come to mean the hardening of the cuticula by the incorporation of 
chitin; and they are used with that meaning throughout this work. 
(For references to chitin, see p. roto). 

Rigid and flexible cuticula——When freshly formed by the hypo- 
dermis, the cuticula is flexible and elastic, and certain portions of it, 
as at the nodes of the body and of the appendages, remain so. But 
the greater part of the cuticula, especially in adult insects, usually 
becomes firm and inelastic; this is due to a change in which the 
hardening substance is developed within or upon the original soft 
cuticula. What the exact nature of this change is or how it is pro- 
duced is not known. This change is usually spoken of as chitinization; 
and the hard parts of the cuticula are then said to be chitinized, and 
the soft parts, as at the nodes, non-chitinized. The hardened or 
chitinized cuticula is rigid and inelastic while the soft or non-chitinized 
cuticula is flexible and elastic. The elasticity of the soft cuticula is 
well shown by the stretching of the body wall after a molt. It is 
also strikingly shown by the expansion of the soft, intersegmental 
cuticula to accommodate the growing eggs, as in the queens of 
Termites. 
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The formation of chitin is not restricted to the hypodermis, but is 
a property of the invaginated portions of the ectoderm; the fore- 
intestine, the hind-intestine, and the trachee are all lined with a 
cuticular layer, which is continuous with the cuticula of the body-wall 
and is chitinized. The most marked case of internal formation of 
chitin is the development of large and powerful teeth in the proven- 
triculus of many insects. 


The epidermis and the dermis ——Two quite distinct parts of the 
cuticula are recognized by recent writers; these are distinguished as 
the epidermis and the dermis respectively. 

The epidermis is the external portion; in it are located all of the 
cuticular pigments; and from it are formed all scales, hairs, and other 
surface structures. It is designated by some writers as the primary 
cuticula (Fig. 41, e). 

The dermis is situated beneath the epidermis. It is formed in 
layers, which give sections of the cuticula the well-known laminate 
appearance. It is sometimes termed the secondary cuticula (Fig. 41, d). 


The basement membrane.—The inner ends of the hypodermal cells 
are bounded by a more or less distinct membrane; this is termed the 
basement membrane (Fig. 41, bm). The basement membrane is most 
easily seen in those places where the inner ends of the hypodermal cells 
are much smaller than the outer ends; here it is a continuous sheet 
connecting the tips of the hypodermal cells. 


b. THE EXTERNAL APOPHYSES OF THE CUTICULA 


The outer surface of the cuticula bears a wonderful variety of pro- 
jections. These, however, can be grouped under two heads: first, 
those that form an integral part of the cuticula; and second, those 
that are connected with the cuticula by a joint. Those that form an 
integral part of the cuticula are termed apophyses; those that are con- 
nected by a joint are termed appendages of the cuticula. 


The cuticular nodules.—The most frequently occurring out- 
growths of the cuticula are small, more or less conical nodules. 
These vary greatly in size, form, and distribution over the surface of 
the body in different species of insects, and are frequently of 
taxonomic value. 

The fixed hairs.—On the wings of some insects, as the Trichoptera 


and certain of the Lepidoptera, there are in addition to the more 
obvious setze and scales many very small, hair-like structures, which 
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differ from setze in being directly continuous with the cuticula, and 
not connected with it by a joint; these are termed the fixed hairs, or 
aculeze. The mode of origin:and development of the fixed hairs has not 
been studied. 9: 

The spines.—The term‘spine has been used loosely by writers on 
entomology. Frequently large setze are termed spines. In this work 
such setz are called spine-like setae; and the term spine is applied 
only to outgrowths of the cuticula that are not separated from it by a 
joint. Spines differ also from spine-like sete in being produced by 
undifferentiated hypodermal cells and are usually if not always of 
multicellular origin, while each seta is produced by a single trichogen 
cell. The accompanying diagram (Fig. 42) illustrates this difference. 


Cc. THE APPENDAGES OF THE CUTICULA 


Under this head are included those outgrowths of the cuticula that 
are connected with it by a joint. Of these there are two quite dis- 
tinct types represented by the spurs and the sete respectively. 

The spurs.—There exist upon the legs of many insects appendages 
which on account of their form and position have been termed spurs. 
Spurs resemble the true spines described above and differ from sete 
in being of multicellular origin; they differ from spines in being 
appendages, that is, in 
being connected with the 
body-wall by a joint. 

The sete.—The sete 
are what are commonly 
called the hairs of in- 
sects. Each seta (Fig. 
42, S) is an appendage of 
, the body-wall, which 
- arises from a cup-like 
cavity in the cuticula, 
the alvéolus, situated at 
Fig. 42.—Diagram illustrating the difference be- the outer end of a per- 

tween a spine (sp) and a seta (s). foration of the cuticula, 

the trichopore; and each 

seta is united at its base with the wall of the trichopore by a ring of 
thin membrane, the articular membrane of the seta. 

The sete are hollow; each is the product of a single hypodermal 
cell, a trichogen (Fig. 42), and is an extension of the epidermal 
layer of the cuticula. 
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In addition to the trichogen there may be a gland-cell opening into 
the seta, thus forming a glandular hair, or a nerve may extend to the 
seta, forming a sense-hair; each of these types is discussed later. 

The, most common type of seta is bristle-like in form; familiar 
examples of this type are the hairs of many laryee. But numerous 
modifications of this form exist. Frequently the sete, are. stout. and 
firm, such are the spine-like sete; others are furnished, with lateral 
prolongations, these are the plumose hairs; and still others are flat, 
wide, and comparatively short, examples of this form are the scales 

of the Lepidoptera and of many other insects. 

The taxonomic value of sete —In many cases the form of the setz 
and in others their arrangement on the cuticula affcrd useful charac- 
teristics for the classification of insects. Thus the scale-like form of 
the setze on the wing-veins of mosquitoes serves to distinguish these 
insects from closely allied midges; and the clothing of scales, is one 
of the most striking of the characteristics of the Lepidoptera. 
_.The-arrangement of the setee upon the cuticula, in some cases at 
least, is.a very definite one. Thus Dyar (’94) was able to work out a 
classification of: lepidopterous larvee by a study of the setz with 
which the body is clothed. 

A classifwation of sete —If only their function be considered the 
hairs or setze of insects can be,grouped in the three following classes: 

(1) The clothing hairs:—Under this head are grouped those hairs 
and scales whuse primary function appears to be merely the protection 
of the body or of its appendages, - So far as is known, such hairs con- 
tain only a prolongation of the trichogen cell that produced them. It 
should be stated, however, that this group is merely a provisional one; 
for as yet comparatively little is known regarding the relation of these 
hairs to the activities of the insects possessing them. . 

In some cases the clothing hairs have asecondary function. Thus 
the highly specialized overlapping scales of the wings of Lepidoptera, 
which are modified setze, may serve to strengthen the wings; and the 
markings of insects are due almost entirely to hairs and scales. ‘The 
‘fringes on the wings of many insects doubtless aid in flight, and the 
fringes on the legs of certain aquatic insects also aid in locomotion. 

(2) The glandular hairs —Under this head are grouped those hairs 
‘that serve as the outlets of gland cells. They are discussed in the next 
chapter, under the head of hypodermal glands. 

(3) The sense-hairs—In many case a seta, more or less modified 
in form, constitutes a part of asense-organ, either of touch, taste, or 
smell; examples of these are discussed in the next chapter. 
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d. THE SEGMENTATION OF THE BODY 


The cuticular layer of the body-wall, being more or less rigid, 
forms an external skeleton; but this skeleton is flexible along certain 
transverse lines, thus admitting of the movements of the body, and 
producing the jointed appearance characteristic of insects and of 
other arthropods. 

An examination of a longitudinal section of the body-wall shows 
that it is a continuous layer and that the apparent segmentation is due 
to infoldings of it (Fig. 43). 

The body-seg- 
ments, somites, or 
metameres.—Each 
section of the body Fig. 43.—Diagram of a longitudinal section of the 
between two of the body-wall of an insect. 
infoldings described 
above is termed a body-segment, or sdmite, or métamere. 

The transverse conjunctive.—The infolded portion of the body- 
wall connecting two segments is termed a conjunctiva. ‘These con- 
junctivee may be distinguished from others described later as the 
transverse conjunctive. 

The conjunctive are less densely chitinized than the other portions 
of the cuticula; their flexibility is due to this fact, rather than to a 
comparative thinness as has been commonly described. 


@ THE SEGMENTATION OF THE APPENDAGES 


The segmentation of the legs and of certain other appendages is 
produced in the same way as that of the body. At each node of an 
appendage there is an infolded, flexible portion of the wall of the 
appendage, a conjunctiva, which renders possible the movements of 
the appendage. 


Vie THE DIVISIONS OF A BODY-SEGMENT 


In many larve, the cuticula of a large part of the body-wall is of 
the non-chitinized type; in this case the wall of a segment may form 
a ring which is not divided into parts. But in most nymphs, naiads, 
and adult insects, there are several densely chitinized parts in the wall 
of each segment; this enables us to separate it into well-defined 
portions. 

The tergum, the pleura, and the sternum.—The larger divisions of 
a segment that are commonly recognized are a dorsal division, the 
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tergum; two lateral divisions, one on each side of the body, the pleura; 
and a ventral division, the sternum. 

Each of these divisions may include several definite areas of 
chitinization. In this case the sclerites of the tergum are referred to 
collectively as the tergites, those of each pleurum, as the pleurites, and 
those constituting the sternum, as the sternites. 

The division of a segment into a tergum, two pleura, and a sternum 
are most easily seen in the wing-bearing segments, but it can be 
recognized also in the prothorax of certain generalized insects. This 
is especially the case in many Orthoptera, as cockroaches and walking- 
sticks, where the pleura of the prothorax are distinct from the tergum 
and the sternum. In the abdomen it is evident that correlated with 
the loss of the abdominal appendages a reduction of the pleura has 
taken place. 

The lateral conjunctivze.— On each side of each abdominal segment 
of adults the tergum and the sternum are united by a strip of non- 
chitinized cuticula; these are the lateral conjunctive. Like the 
transverse conjunctive, the lateral ones are more or less infolded. 

The sclerites.—Each definite area of chitinization of the cuticula 
is termed a sclérite. 

The sutures.—The lines of separation between the sclerites are 
termed s#iures. Sutures vary greatly inform; they may be infolded 
conjunctive; or they may be mere lines indicating the place of union 
between two sclerites. Frequently adjacent sclerites grow together 
so completely that there is no indication of the suture; in such cases 
the suture is said to be obsolete. 

The median sutures —On the middle line of the tergites and also of 
the sternites there frequently exist longitudinal sutures. These are 
termed the median sutures. They represent the lines of the closure 
of the embryo, and are not taken into account in determining the 
number of the sclerites. 

The dorsal median suture has been well-preserved in the head and 
thorax, as it is the chief line of rupture of the cuticula at the time of 
molting. 

The piliferous tubercles of larve.—tThe setz of larve are usually 
borne on slightly elevated annular sclerites; these are termed pilif- 
erous tubercles. 

The homologizing of the sclerites.—While it is probable that the 
more important sclerites of the body in winged insects have been 
derived from a common winged ancestor and, therefore, can be 
homologized, many secondary sclerites occur which can not be thus 
homologized. 
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g. THE REGIONS ‘OF THE BODY 

The segments of the body in an adult insect are grouped into three, 
more or less well-marked regions: ‘the head, the thorax, and the 
abdomen. Each of these regions consists of several segments more or 
less closely united. 

The head is the first of these regions; it bears the mouth-parts, 
the eyes, andthe antennz. The thorax is the second region; it bears 
the legs and the wings if they are present. The abdomen is the third 
region; it may bear appendages connected with the organs of repro- 
duction. 


II. THE HEAD 


The external skeleton of the head of an insect is composed of 
several sclerites more or less closely united, forming a capsule, which 
includes a portion of the viscera, and to which are articulated certain 
appendages. 


a. THE CORNEAS OF :iTHE EYES 


The external layer of the organs of vision, the corneas of the eyes, 
is, in each case, a translucent portion of the cuticula. It is a portion 
of the skeleton of the head, which serves not merely for the admission 
of light but also to support the more deheate parts*of vet visual 
apparatus. 

The corneas of the compound eyes. —The e6iipound: es: -are the 
more commonly observed eyes of insects. They are sittiated one on 
each side of the head, and are usually conspicuous. Sometimes, as in 
dragon-flies, they occupy the larger part of the surface of the head. 

The compound eyes are easily recognized as eyes; but when one 
of them is examined with a microscope it is found to present an 
appearance very different from that of the eyes of higher animals, its 
surface being divided into a large number of six-sided divisions (Fig. 
44); hence the term compound eyes applied to them. 

: _ A‘study of the internal structure of this organ 
has shown that each of these hexagonal divisions 
. is the outer end of a distinct element of the eye. 
Each of these elements is termed an ommatidium. 
fe The number of ommatidia of which a compound 
Recor is composed varies greatly; there may be not 

cornea of acom- more than fifty, as in certain ants, or there may 
pound eye, be many thousand, as in a butterfly or a dragon-fly. 

As a rule, the immature stages of insects with a gradual metamor- 
phosis and also those of insects with an incomplete metamorphosis, 
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that is to say nymphs and naiads possess compound eyes. But the 
larve of insects with a complete metamorphosis, do not possess well- 
developed compound eyes; although there are frequently a few sep- 
arate ommatidia on each side of the head. These are usually termed 
ocelli; but the ocelli of larvee should not be confused with the ocelli 
of nymphs, naiads, and adults. 

The corneas of the ocelli.—In addition to the compound eyes most 
nymphs, naiads, and adult insects possess other eyes, which are 
termed ocelli. The cornea of each ocellus is usually a more or less 
nearly circular, convex area, which is not divided into facets. The 
typical number of ocelli is four; but this number is rarely found. 
The usual number is three, a median ocellus, which has been derived 
from a pair of ocelli united, and a distinct pair of ocelli. Frequently 
the median ocellus is lacking, and less frequently, all of the ocelli 
have been lost. The position of the ocelli is discussed later. 


b. THE AREAS OF THE SURFACE OF THE HEAD 


In descriptions of insects it is frequently necessary to refer to the 
different regions of the surface of the head. Most of these regions 
were named by the early insect anatomists; and others have been 
described by more recent writers. 

This terminology is really of comparatively little morphological value; for 
in some cases a named area includes several sclerites, while in others only a portion 
of a sclerite is included. This is due to the fact that but few of the primitive 
sclerites of the head have remained distinct, and some of them greatly over- 
shadow others in their development. The terms used, however, are sufficiently 
accurate to meet the needs of describers of species, and will doubtless continue in 
use. It is necessary, therefore, that students of entomology become familiar 
with them. 

The best landmark from which to start in a study of the areas of 
the surface of the head is the epicranial suture, the inverted Y-shaped 
suture on the dorsal part of the head, in the more generalized insects 
(Fig. 145, €. su).,- Behind the arms, of, this 
suture there is a series of paired sclerites, which 
meet on the dorsal wall of the head, the line of 
union being the stem of the Y, a median suture; 
and between the arms of the Y and the mouth 
there are typically three single sclerites (Fig. 45, 
F, C, L). It is with these unpaired sclerites 
that we will begin our definitions of the areas 
of the head. Fig. 45.—Head of a 

The front.—The front is the unpaired cricket. 
sclerite between the arms of the epicranial suture (Fig. 45, F). 
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In the more generalized insects at least, if not in all, the front 
bears the median ocellus; and in the Plecoptera, the paired ocelli also. 
Frequently the suture between the front and the following sclerite, the 
clypeus, is obsolete; but as it ends on each side in the invagination 
which forms an anterior arm of the tentorium or 
endo-skeleton (Fig. 46, at), its former position can 
be inferred, at least in the more generalized 
> insects, even when no other trace of it remains. 
In Figure 46 this is indicated by a dotted line. 
The clypeus.—The clypeus is the intermediate 
of the three unpaired sclerites between the epi- 
cranial suture and the mouth (fig. 46, c). To this 
Fig. 46.—Head of part one condyle of the mandible articulates. 


a cockroach; m, Although the clypeus almost always appears 
muscle impres- : ‘ ae 
sions. to be a single sclerite, except when divided trans- 


versely as indicated below, it really consists of a 
transverse row of three sclerites, one on the median line, and one on 
each side articulating with the mandible. The median sclerite may 
be designated the clypeus proper, and each lateral sclerite, the ante- 
coxal piece of the mandible. Usually there are no indications of the 
sutures separating the clypeus proper from the antecoxal pieces; but 
in some insects they are distinct. In the larva of Corydalus, the ante- 
coxal pieces are not only distinct but are quite large (Fig. 47, ac, ac). 

In some insects the clypeus is completely or partly divided by a 
transverse suture into two parts (Fig. 45). These may be designated 
as the first clypeus and the second clypeus, respectively; the first 
clypeus being the part next the front (Fig. 
45, Ci) and the second clypeus being that next 
the labrum (Fig. 4s, C2). 

The suture between the clypeus and the 
epicranium is termed the clypeal suture. 

The labrum.—The labrum is the movable 
flap which constitutes the upper lip of the 
mouth (Fig. 45, L). The labrum is the last of 
the series of unpaired sclerites between the 
epicranial suture and the mouth. It has the 
appearance of an appendage but is really a 4. 
portion of one of the head segments. i ae on haeias 

The epicranium.—Under the term epi- Boral apo: 
cranium are included all of the paired sclerites of the skull, and some- 
times also the front. The paired sclerites constitute the sides of 
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the head and that portion of the dorsal surface that is behind the 
arms of the epicranial suture. The sclerites constituting this 
region are so closely united that they were regarded as a single 
piece by Straus-Durckheim (1828), who also included the front in 
this region, the epicranial suture being obsolete in the May beetle, 
which he used as a type. 

The vertex.—The dorsal portion of the epicranium; or, more 
specifically, that portion which is next the front and between the 
compound eyes is known as the vertex (Fig. 45, V, V). In many 
insects the vertex bears the paired ocelli. It is not a definite sclerite; 
but the term vertex is a very useful one and will doubtless be retained. 

The occiput.—The hind part of the dorsal surface of the head is the 
occiput. When a distinct sclerite, it is formed 
from the tergal portion of the united postgenz 
described below (Fig. 47, O, O). 

The genz.—The gene are the lateral portions 
of the epicranium. Each gena, in the sense in 
which the word was used by the older writers, 
includes a portion of several sclerites. Like 
vertex, however, the term is a useful one. 

The postgenz.—In many insects each gena is 
divided by a well-marked suture. This led the 
writer, in an earlier work (9s), to restrict the 


Fig. 48.—Head and fe 6 
meee of a cock. term gena to the part in front of the suture (Fig. 


roach. 48, G), and to propose the term postgena for the 
part behind the suture (Fig. 48, Pg). 
The gula.—tThe gula is a sclerite forming the ventral wall of the 


hind part of the head in certain orders of insects, 
and bearing the labium or second maxille (Fig. 
49, Gu). In the more generalized orders, the 
sclerite corresponding to the gula does not form 
a part of the skull. The sutures forming the 
lateral boundaries of the gula are termed the 
gular sutures. 

The ocular sclerites——In many insects each 
compound eye is situated in the axis of an 
annular sclerite; these sclerites bearing the 
compound eyes are the ocular sclerites (Fig. 50, OS). That ag riaad “of 

The antennal sclerites——In some insects there = Corvdulus, adult, 
is at the base of each antenna an annular sclerite; ventral aspect. 
these are the antennal sclerites (Fig. 50, as). The antennal sclerites 
are most distinct in the Plecoptera. 
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The trochantin of the mandible.—In some insects, as Orthoptera 
there is a distinct sclerite between each mandible and the gena: 
this is the trochantin of the mandible (Fig. 45, tr). 


The maxillary pleurites.—In some of the more generalized insects, 
as certain cockroaches and crickets, it can be seen that each maxilla 
is articulated at the ventral end of a pair of sclerites, between which 
is the invagination that forms the posterior arm of the tentorium; 
these are the maxillary pleurites; the pos- 
terior member of this pair of sclerites can 
be seen in the lateral view of the head of a 
cockroach (Fig. 48, m. em), _ 


The cervical eclertesee le cervical scler- 
ites are the small sclerites found in the neck of 
many insects. Of these there are dorsal, 
lateral, and ventral sclerites. The cervical 
j. sclerites were so named by Huxley (’78); 

Fig.yr5a:—Head ‘of . a,» recently they have been termed the interseg- 

cricket; ental surface . mental plates by Crampton (’17), who con- 
es . oro ke wen siders them to be homologous with sclerites 
> 08D e found in the intersegmental regions of the 
thorax of some ener insects. 
The lateral cervical sclerites havelong been known as the jugular 
sclerites. (pieces jugulatres, Straus Durckheim, 1828). 


¢. THE APPENDAGES OF THE HEAD 


Under this category are classed a pair of jointed appendages 
termed the antenne, and the organs known collectively as the mouth- 
parts. 


The antenne.—The antenn@ are a pair of jointed appendages 
articulated with the head in front of the eyes or between them. The 
antennz vary greatly in form; in some insects they are thread-like, 
consisting of a series of similar segments; in others certain segments 
are greatly modified. The thread-like form is the more generalized. 


In descriptive works names have been given to particular parts of the antenne, 
as follows (Fig. 51): 


The Scape.—The first or proximal segment of an antenna is called the scape (a). 
The proximal end of this segment is often subglobose, appearing like a distinct 
segment; im such cases it is called the bulb (a), 
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The Pédicel.—The pedicel is the second segment of anantenna (b). In 
some insects it differs greatly in form from the other segments. 


The Clavola.—The term cla- 


A oe vola is applied to that part of 


Fig. 51.—Antenna of a chalcis-fly. 


the antenna distad of the pedi- 
cel (c); in other words, to all 
of the antenna except the first 
and second segments. In some 
insects certain parts of the cla- 
vola are specialized and have 
received particular names. 
These are the ring-joints, the 
funicle, and the club. 


The Ring-joints—In certain 


insects (e.g., Chalcidide) the 


proximal segment or segments of the clavola are much shorter than the suc- 
ceeding segments; in such cases they have received the name ofjring-joints Ka: 


The Club.—In many insects the distal seg- 
ments of the antenna are more or less enlarged. 
In such cases they are termed the club (c). 

The Finicle—The funicle (c*) is that part 
of the clavola between the club and the ring- 
joints; or, when the latter are not specialized, 
between the club and the pedicel. 

The various forms of antennz are designated 
by special terms. The more common of these 
forms are represented in Fig. 52. They are 
as follows: 

I. Setaceous or bristle-like, in which the 
segments are successively smaller and smaller, 
the whole organ tapering to a point. 

2. Filiform or thread-like, in which the 
segments are of nearly uniform thickness. 

3. Moniliform or necklace-form, in which 
the segments are more or less globose, suggesting 
a string of beads. 

4. Sérrate or saw-like, in which the segments 
are triangular and project like the teeth of a saw. 

5. Péctinate or comb-like, in which the seg- 
ments have long processes on one side, like the 
teeth of a comb. 


Fig. 52.—Various forms of 
antenne. 


6. Cldvate or club-shaped, in which the segments become gradually broader, 


so that the whole organ assumes the form of a club. 


7. Cépitate or with a head, in which the terminal segment or segments form 


a large knob. 


8. Ldmellate in which the segments that compose the knob are extended on 


one side into broad plates. 


When an antenna is bent abruptly at an angle like a bent knee (Fig. 51) it 1s 


said to be geniculate. 
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The mouth-parts.—The mouth-parts consist typically of an upper 
lip, labrum, an under lip, labium, and two pairs of jaws acting hori- 
zontally between them. The upper jaws are called the mandibles; 
the lower pair, the maxzlle. 
The maxille and labium are 
each furnished with a pair of 
feelers, called respectively 
the maxillary palpi, and 
the labial palpi. There 
may be also within the 
mouth one or two tongue- 
like organs, the eprpharynx 
and the hypopharynx. The 
mouth-parts of a locust will 
serve as an example of the 
typical form of the mouth- 


parts (Fig. 53). 


The mouth-parts enumer- 
ated in the preceding paragraph 
are those commonly recognized 
in insects; but in certain insects 
there exist vestiges of a pair of 
lobes between the mandibles and 
the maxille, these are the parag- 
natha. 


No set of organs in the 
body of an insect vary in 
Fig. 53.—Mouth-parts of a locust: Ja, lab- form toa greater degree than 

rum; md, mandible; mx, maxilla; h, hypo- 
pharynx; J, labium. do the mouth-parts. Thus 
with some the mouth is 
formed for chewing, while with others it is formed for sucking. 
Among the chewing insects some are predaceous, and have jaws fitted 
for seizing and tearing their prey; others feed upon vegetable matter, 
and have jaws for chewing this kind of food. Among the sucking 
insects the butterfly merely sips the nectar from flowers, while the 
mosquito needs a powerful instrument for piercing its victim. In 
this chapter the typical form of the mouth-parts as illustrated by the 
biting insects is described. The various modifications of it presented 
by the sucking insects are described later, in the discussions of the 
characters of those insects. 


THE EXTERNAL ANATOMY OF INSECTS 43 


The labrum.—The labrum or upper lip (Fig. 53), is a more or less 
flap-like organ above the opening of the mouth. As it is often freely 
movable, it has the appearance of an appendage of the body; but it 
is not a true appendage, being a part of one of the body segments that 
enter into the composition of the head. 


The mandibles—The mandibles are the upper pair of jaws (Fig. 
53). They represent the appendages of one of the segments of the 
head. In most cases they are reduced to a single segment; but in 
some insects, as in certain beetles of the family Scarabzide, each 
mandible consists of several more or less distinct sclerites. 


The paragnatha.—In some insects there is between the mandibles 
and the maxille a pair of more or less appendage-like organs borne by 
the hypopharynx. These are 
the “‘paraglossz’”’ of writers on 
the Thysanura and Collembola 
and the “superlingue’”’ of Fol- 
som (’oo). They were termed 
the maxillule, a diminutive of 
maxilla by Hansen (’93), who pig. 54 —A. Posterior (ventral) view of 


regards them as homologous mandibles and eee of the 

: : crustacean Ligyda; h, hypopharynx; 
with the first maxillee of the , paragnatha; m, mandibles: B. 
Crustacea. But it has been Same of a nymph of the Mayfly 


shown by Crampton (’21) that Pichiagcnss (Wea Crea pton). 


they are homologous with the paragnatha of Crustacea. In 
Figure 54, A. represents a ventral view of the hypopharynx, parag- 
natha, and mandibles of the crustacean Ligyda; and B. the same 
parts of a naiad of a May-fly, Heptagenia. Paragnatha have been 
found in the Thysanura, Dermoptera, Orthoptera, Corrodentia, the 
naiads of Ephemerida, and the larvee of Coleoptera. 


The Maxille.—The mavxille are the second pair of jaws of insects. 
Like the mandibles they are the appendages of one of the segments 
of the head. 


The maxilla are much more complicated than the mandibles, each maxilla 
consisting, when all of the parts are present, of five primary parts and three 
appendages. The primary parts are the cardo or hinge, the sftpes for foot- 
stalk, the palpifer or palpus-bearer, the subgalea or helmet-bearer, and the 
lacinia or blade. The appendages are the maxillary palpus or feeler, the galea 
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or superior lobe, and the digitus or finger. The maxilla may also bear claw-like 
or tocth-like projections, spines, bristles, and hairs, 

In the following description of the parts of the maxillse, only very general 
statements can be made. Not only is there an infinite variation in the form of 
these parts, but the same part may have a very different outline on the dorsal 
aspect of the maxilla from what it has on the ventral. Compare Fi_.55 and Fig. 
56, which represent the two aspects of the maxilla of Hydrophilus. Excepting 
Fig. 56, the figures of maxilla represent the ventral aspect of this organ. 


The cardo or hinge (a) is the first or proximal part of the maxilla. Itis usually 
more or less triangular in outline, and is the part upon which nearly all of the 
motions of this organ depend In many cases, hoyever, it is not the only dart 
directly joined to the body; for frequently muscles extend direct to .1e «= aiea, 
without passing through the cardo. 

The stipes or footstalk (b) is the part next in order proceeding distad. It is 
usually triangular, and articulates with the cardo by its base, with the palpifer 
by its lateral margin, and with the subgalea by its mesal side. In many insects 
the stipes is united with the subgalea, and the two form the larger portion of the 
body of the maxilla (Fig. 53). The stipes has no appendages; but the palipfer 
on the one gide, and the subgalea on the other, may become united to the stipes 
without any trace of suture remaining, and their appendages will then appear 
to be borne by the stipes. Thus in Fig. 53 it appears to be the stipes that bears 
the galea, and that receives muscles from the body. 


The palpifer or palpus-bearer (c) is situated upon the lateral (outer) side 
of the stipes; it does not, 
however, extend to the base 
of this organ, and frequently 
projects distad beyond it. 
It is often much more 
developed on the dorsal 
side of the maxilla than on 
the ventral (Figs. 55 and 56). 
. < Itcan bereadily distinguished 
Xe 6 when it is distinct by the 
Fig. 55.—Ventral as- Fig. 56.—Dorsal as- SEIS ONIN ON 


pect of a maxilla of pect of a maxilla of pendage which gives to it 
HHydrophilus. fHydrophilus. its name, 

The maxillary palpus or 
feeler (d) is the most conspicuous of the appendages of the maxilla. It is an 
organ composed of from one to six freely movable segments, and is articulated 
to the palpifer on the latero-distal angle of the body of the maxilla. 


The subgalea or helmet-bearer (e) when developed as a distinct sclerite is most 

easily distinguished as the one that bears the galea. It bounds the stipes more 
or less completely on its mesal (inner) side, and is often directly connected 
mate the body by muscles. In many Coleoptera it is closely united to the 
lacinia; this gives the lacinia the appearance of bearing the galea, and of being 
connected with the body (Fig. 56). In several orders the subgalea is united to 
the stipes; consequently in these orders the stipes appears to bear the galea, 
and to be joined directly to the body if any part besides the cardo is so 
‘connected. 
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The galea or helmet (f) is the second in prominence of the appendages 
of the maxilla. It consists of one or two segments, and is joined to the maxilla 
mesad of the palpus. The galea varies greatly 
in form: it is often more or less flattened, with 
the distal segment concave, and overlapping 
the lacinia like a hood. It was this form that 
suggested the name galea or helmet. In other 
cases the galea resembles a palpus in form (Fig. 
57). The galea is also known as the outer lobe, 
the upper lobe, or the superior lobe. 


The /acinia or blade (g) is borne on the mesal 
(inner) margin of the subgalea. It is the cutting 
or chewing part of the maxilla, and is often 
furnished with teeth and spines. The lacinia is 
also known as the inner lobe, or the inferior lobe. 

The digitus or finger (h) is a small appendage 
sometimes borne by the lacinia at its distal end. 
In the Cicindelide it is in the form of an articu- 
lated claw (Fig. 57); but in certain other beetles 
it is more obviously one of the segments of the 
maxilla (Figs. 55 and 56). 


Fig. 57.—Maxilla of Cicindela. 


The labium or second maxille—The labium or under lip (Fig. 53), 
is attached to the cephalic border of the gula, and is the most ventral 
of the mouth-parts. It appears to be a single organ, although some- 
times cleft at its distal extremity; it is, however, composed of a pair 
of appendages grown together on the middle line of the body. . In the 
Crustacea the parts corresponding to the labium of insects consists of 
two distinct organs, 
resembling the 
maxilla; andinthe 
embryos of insects 
the labium arises as 
a pair of append- 
ages. 

In naming the parts 
of the labium, entomo- 
logists have usually 
taken some form of it 
in which the two parts 
are completely grown 
together, that is, one 
which is not cleft on Fig. 58.—Labium of Harpalus. 


the middle line (Fig. Ay 
58). I will first describe such a labium, and later one in which the division 
into two parts is carried as far as we find it in insects. 
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The labium is usually described as consisting of three principal parts and a 
pair of appendages. The principal parts are the subincitum, the mentum, and 
the ligula; the appendages are the labial palpt. 

The submentum. The basal part of the labium consists of two transverse 
sclerites; the proximal one, which is attached <o the cephalic border o7 the gula, 
is the submentum (a). This is often the most prominent part of the body of 
the labium. 

The mentum is the more distal of the two primary parts of the labium (5). 
It is articulated to the cephalic border of the submentum, and is often so 
slightly developed that it is concealed by the submentum. 

The ligula includes the remaining parts of the labium except the labial palpi. 
It is a compound organ; but in the higher insects the sutures between the 
different sclerites of which it is composed are usually obsolete. Three parts, 
however, are commonly distinguished (Fig. 58), a central part, often greatly 
prolonged, the glossa (c?) and two parts, usually small membranous projections, 
one on each side of the base of the glossa, the paraglosse (c?). Sometimes, how- 
ever, the paraglosse are large, exceeding the glossa in size. 

The labial palpi. From the base of the ligula arise a pair of appendages, the 
labial palpi. Each labial palpus consists of from one to four freely movable 
segments. 

In the forms of the labium just described, the correspondence of its parts to 
the parts of the maxille is not easily seen; but this is much more evident in the 
labium of some of the lower insects, as for example a cockroach (Fig. 59). Here 
the organ is very deeply cleft; only the submentum 
and mentum remain united on the median line; while 
the ligula consists of two distinct maxilla-like parts. 
It is easy in this case to trace the correspondence 
referred to above. Each lateral half of the submentum 
corresponds to the cardo of a maxilla; each half of the 
mentum, to the stipes; while the remaining parts of a 
maxilla are represented by each half of the ligula, as 
follows: near the base of the ligula there is a part (¢) 
which bears the labial palpus; this appears in the 
figure like a basal segment of the palpus; but in many 
insects it is easily seen that it is undoubtedly one of 
the primary parts of the organ; it has been named 
Fig. 59.—Labium of a_ the palpiger, and is the homologue of the palpifer of 

cockroach. a maxilla, The trunk of each half of the ligula is 
formed by a large sclerite (c*); this evidently corres- 
ponds to the subgalea. At the distal extremity of this subgalea of the labium 
there are two appendages. The lateral one of these (c3) is the paraglossa, 
and obviously corresponds to the galea. The mesal one (c?) corresponds to the 
lacinia or inner lobe. This part is probably wanting in those insects in which 
the glossa consists of an undivided part; and in this case the glossa probably 
represents the united and more or less elongated subgalex. 


The epipharynx.—In some insects there is borne on the ental sur- 


face of the labrum, within the cavity of the mouth, an unpaired fold, 


which is membranous and more or less chitinized: this is the epr- 
pharynx. 
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The hypopharynx.—The hypophdrynx is usually a tongue-like 
organ borne on the floor of the mouth cavity. This more simple form 
of it is well-shown in the Orthoptera (Fig. 53). To the hypopharnyx 
are articulated the paragnatha when they are present. The hypo- 
pharynx is termed the lingua by some writers. 


d. THE SEGMENTS OF THE HEAD 


The determination of the number of segments in the head of an insect is a 
problem that has been much discussed since the early days of entomology. The 
first important step towards its solution was made by Savigny (1816), who sug- 
gested that the movable appendages of the head were homodyanmous with legs. 
This conclusion has been accepted by all; and as each segment in the body of an 
insect bears only a single pair of appendages, there are at least four segments 
in the head; 7. e., the antennal, the mandibular, the maxillary, and the second 
maxillary or labial. 

In more recent times workers on the embryology of insects have demonstrated 
the presence of two additional segments. First, there has been found in the 
embryos of many insects a pair of evanescent appendages situated between the 
antennz and the mandibles. These evidently correspond to the second antenne 
of Crustacea, and indicate the presence of a second antennal segment in the head 
of an insect. This conclusion is confirmed by a study of the development of the 
nervous system. And in the Thysanura and Collembola vestiges of the second 
antenne persist in the adults of certain members of these orders. 

Second, as the compound eyes are borne on movable stalks in certain Crusta- 
cea, it was held by Milne-Edwards that they represent another pair of appendages; 
but this view has not been generally accepted. It is not necessary, however, to 
discuss whether the eyes represent appendages or not; the existence of an ocular 
segment has been demonstrated by a study of the development of the nervous 
system. 

It has been shown that the brain of an insect is formed from three pairs of 
primary ganglia, which correspond to the three principal divisions of the brain, 
the protecerebrum, the deutocerebrum, and the tritocerebrum. And it has also been 
shown that the protocerebrum innervates the compound eyes and ocelli; the 
deutocerebrum, the antennz; and the tritocerebrum, the labrum. This demon- 
strates the existence of three premandibular segments: an ocular segment or 
protocerebral segment, without appendages, unless the compound eyes repre- 
sent them; an antennal or deutocerebral segment, bearing antenne; and a 
second antennal or tritocerebral segment, of which the labrum is a part, and to 
which the evanescent appendages between the antenne and the mandibles doubt- 
less belong. As Viallanes has shown that the tritocerebrum of Crustacea inner- 
vates the second antennze, we are warranted in considering the tritocerebral 
segment of insects to be the second antennal segment. 

Folsom (’00) in his work on the development of the mouth-parts of Anurida 
described a pair of primary ganglia which he believed indicated the presence of a 
segment between the mandibular and maxillary segments. He named the ap: 
pendages of this segment the superlingue; they are the paragnatha described above. 

The existence of the supposed ganglia indicating the presence of a surer- 
lingual segment has not been confirmed by other investigators and is no longer 
maintained by Folsom. 
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The subcesophageal ganglion is formed by the union of three pairs of primitive 
ganglia, pertaining respectively to the mandibular, the maxillary, and the labial 
segments of the embryo. 


LIST OF THE SEGMENTS OF THE HEAD 


First, ocular, or protocerebral. 

Second, antennal, or deutocerebral. 
Third, second antennal, or tritocerebral. 
Fourth, mandibular. 

Fifth, maxiilary. 

Sixth, labial, or second maxillary. 


Ie [Loe THORAX 
a. THE SEGMENTS OF THE THORAX 


The prothorax, the mesothorax, and the metathorax.—The thorax 
is the second or intermediate region of the body; it is the region that 
in nymphs, naiads, and adults bears the organs of locomotion, the legs, 
and the wings when they are present. This region is composed of 
three of the body-segments more or less firmly joined together; the 
segments are most readily distinguished by the 
fact that each bears a pair of legs. In winged 
insects, the wings are borne by the second and 
third segments. The first segment of the thorax, 
the one next the head, is named the prothorax; 
the second thoracic segment is the mesothorax; 
and the third, the metathorax. 

The simplest form of the thorax in adult 
insects occurs in the Apterygota (the Thysanura 
and the Collembola) where although the seg- 
ments differ in size and proportions, they are 
distinct and quite similar (Fig. 60). 

In the Pterygota, or winged insects, the 
prothorax is either free or closely united to the 
mesothorax; in many cases it is greatly reduced in 

size; it bears the first pair of legs. The meso- 

Fig. 60.—Lepisma — thorax and the metathorax are more or less closely 
saccharina (After 2 : : 

Lubbock). united, forming a box, which bears the wings and 

the second and third pairs of legs. This union of 

these two segments is often so close that it is very difficult to distin- 

guish their limits. Sometimes the matter is farther complicated by 

a union with the thorax of a part or of the whole of the first 
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abdominal segment. In the Acridiidz, for example, the sternum of 
the first abdominal segment forms a part of the intermediate region 
of the body, and in the Hymenoptera the entire first abdominal 
segment pertains to this region. 

The alitrunk.—When, as in the Hymenoptera, the intermediate 
region of the body includes more than the three true thoracic seg- 
ments it is designated the Glitrunk. 

The propodeum or the median segment.—When the alitrunk con- 
sists of four segments the abdominal segment that forms a part of it is 
termed the propddeum or the median segment. In such cases the true 
second abdominal segment is termed the first. 


- 6. THE SCLERITES OF A THORACIC SEGMENT 


The parts of the thorax most generally recognized by entomologists 
were described nearly a century ago by Audouin (1824); some addi- 
tional parts not observed by Audouin have been described in recent 
times, by the writer (’o2), Verhoeff (’03), Crampton (’o9), and 
Snodgrass (’09, ’10 a, and’10b). The following account is based on 
all of these works. 

In designating the parts of the thorax the prefixes pro, meso, and 
meta are used for designating the three thoracic segments or corres- 
ponding parts of them; and the prefixes pre and post are used to 
designate parts of any one of the segments. Thus the scutum of the 
prothorax is designated the proscutum; while the term prescutum is 
applied to the sclerite immediately in front of the scutum in each of 
the thoracic segments. This system leads to the use of a number of 
hybrid combinations of Latin and Greek terms, but it is so firmly 
established that it would not be wise to attempt to change it on this 
account. 

Reference has already been made to the division of a body-segment 
into a tergum, two pleura, and a sternum; each of these divisions will 
be considered separately; and as the maximum number of parts are 
found in the wing-bearing segments, one of these will be taken as an 
illustration. 

The sclerites of a tergum.—In this discussion of the external ana- 
tomy of the thorax reference is made only to those parts that form 
the external covering of this region of the body. The infoldings of 
the body-wall that constitute the internal skeleton are discussed in the 
next chapter. 

The notum.—In nymphs and in the adults of certain generalized 
insects the tergum of each wing-bearing segment contains a single 
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chitinized plate; this sclerite is designated the notum. The term 
notum is also applied to the tergal plate of the prothorax and to that 
of each abdominal segment. The three thoracic nota are designated 
as the pronotum, the mesonotum, and the metanotum respectively. 

The notum of a wing-bearing segment is the part that bears the 
wings of that segment, even when the tergum contains more than one 
sclerite. Each wing is attached to two processes of the notum, the 
anterior notal process (Fig. 61, a n p) and the posterior notal process 
(Fig. 61, p  p); and the posterior angles of the notum are produced 
into the axillary cords, which form the posterior margins of the basal 
membranes of the wings. 

The postnotum or postscutellum.—In the wing-bearing segments of 
most adult insects the tergum consists of two principal sclerites; the 
notum already described, and behind this a narrower, transverse 
sclerite which is commonly known as the postscutéllum, and to which 
Snodgrass has applied the term postnotum (Fig. 61, P N). 

The divisions of the notum.—In most specialized insects the notum 
of each wing-bearing segment is more or less distinctly divided by 
transverse lines or sutures into three parts; these are known as the 
prescutum (Fig. 61, Psc), the scutum (Fig. 61, Sct), and the scutéllum 
(Fig. 61, Sci). 

It has been commonly held, since the 
days of Audouin, that the tergum of each 
thoracic segment is composed typically of four 
sclerites, the prescutum, scutum, scutellum, AR emeet ORT, Fee: SERRE 


and postscutellum. But the investigations of 
Snodgrass indicate that in its more genera- 


sclerite, the notum; that the postscutellum ae » 
or postnotum is a secondary tergal chitini- NE 
zation in the dorsal membrane behind the ae : 
notum, in more specialized insects; and that ae 
the separation of the notum into three parts, CES; 
the prescutum, scutum, and scutellum, is a 
still later specialization that has arisen 
independently in different orders, and does 
not indicate a division into homologous 
parts in all orders where it exists. as 28. Cap ig 


The patagia.—In many of the more 
specialized Lepidoptera the pronotum Fig. 61.—Diagram of a generalized 
is produced on each side into a flat thoracic segment (From Snod- 
; f 3 grass). 
lobe, which in some cases is even con- 
stricted at the base so as to become a stalked plate, these lobes are 
the patagia. 
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The parapsides—In some Hymenoptera the scutum of the meso- 
thorax is divided into two parts by the prescutum; these separated 
halves of the scutum are called the pardpsides (see Fig. 1130A). 

The sclerites of the pleura.—In the accompanying figure (Fig. 61) 
the sclerites of the left pleurum of a wing-bearing segment are repre- 
sented diagrammatically; these sclerites are the following: 

The episternum.—Each pleurum is composed chiefly of two 
sclerites, which typically occupy a nearly vertical position, but 
usually are more or less oblique. In most insects the dorsal end of 
these sclerites extends farther forward than the ventral end, but in 
the Odonata the reverse may be true. The more anterior in position 
of these two sclerites is the epistérnum (Fig. 61, Eps). 

In several of the orders of insects one or more of the episterna are 
divided by a distinct suture into an upper and a lower part. These 
two parts have been designated by Crampton (’og) as the anépistér- 
num and the katépistérnum respectively (Fig. 62). 

The epimerum.—The epimérum is the more posterior of the two 
principal sclerites of a pleurum (Fig. 61). It is separated from the 
episternum by the pleural suture (Fig. 61, PS) which extends from the 
pleural wing process above (Fig. 61, Wp) to the pleural coxal process 
below (Fig. 61, CxP). 

In some of the orders of insects one or more of the epimera are 
divided by a distinct suture into an upper anda 
lower part. These two parts have been desig- 
nated by Crampton (’o9) as the anepimérum 
and the katepimérum respectively (Fig. 62). 

The preepisternum.—In some of the more 
generalized insects there is a sclerite situated 
in front of the episternum; this is the pre- 
episternum. 

The paraptera.—In many insects there is on 
each side a small sclerite between the upper 
end of the episternum and the base of the wing; 
these have long been known as the pardptera. 
Fig. 62.—Lateral aspect Snodgrass (10 a) has shown that there are in 

of the meso- and meta- - 5 ; : : 3 
thorax of Mantispa Some insects two sclerites in this region, which, 
rugicollis; I, 1,anepis- he designates the episternal paraptera or 
ternum;2,2,katepister- 3 
num; 3, 3, anepimer- Preparaptera (Fig. 61, 1P and 2P); and that 
um; 4,4,katepimerum; one or occasionally two are similarly situated 
c, €, COXa. . ° 
mi: between the epimerum and the base of the wing, 


the epimeral paraptera or postparaptera (Fig. 61, 3P). 
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The spiracles.—The external openings of the respiratory system 
are termed spiracles. Of these there are two pairs in the thorax. 
The first pair of thoracic spiracles open, typically, one on each side in 
the transverse conjunctiva between the prothorax and the meso- 
thorax; the second pair open in similar positions between the meso- 
thorax and the me’athorax. In some cases the spiracles have 
migrated either forward or backward upon the adjacent segment. 
For a discussion of the number and distribution of the spiracles, see 
the next chapter. 

The peritremes—In many cases a spiracle is surrounded by a cir- 
cular sclerite; such a sclerite is termed a péritreme. 

The acetabula or coxal cavities —In some of the more specialized 
insects, as many beetles for example, the basal segment of the legs is 
inserted in a distinct cavity; such a cavity is termed an acetébulum or 
coxal cavity. When the epimera of the prothorax extend behind the 
coxee and reach the prosternum, the coxal cavities are said to be 
closed (Fig. 63); when the epimera do not extend behind the coxze 
to the prosterum, the coxal cavities are described as open (Fig. 64). 

The sclerites of a sternum.—In the more generalized insects the 
sternum of a wing-bearing segment may consist of three or four 
sclerites. These have been designated, beginning with the anterior 
one, the presternum (Fig. 
61, Ps), the sternum or 
eusternum (Fig. 61, S), 
the sternellum (Fig. 61, 
Sl), andthe poststernellum 
(Hig eo1m eesti): 

In the more special- 
ized insects only one of 
these, the sternum, re- 
mains distinctly visible. 
It is an interesting fact 
that while in the speciali- 
zation of the tergum 


there is i 1 : 
apes = ia Fig. 63.—Prothorax of Harpa.us, ventral aspect; 
the number of the scleri- ¢, coxa; em, epimerum; ¢s, episternum; f, 


tes in this division of a femur; 1, pronotum; 5, S, S, prosternum. 
segment, in the specialization of the sternum there is a reduction. 
It is a somewhat unfortunate fact that the term sternum has been 
used in two senses: first, it is applied to the entire ventral division of 
a segment; and second, it is applied to one of the sclerites entering 
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into the composition of this division when it consists of more than 
a single sclerite. To meet this difficulty Snodgrass has proposed 
that the term eusternum 
be applied to the sclerite 
that has been known as 
the sternum; and that 
the word sternum be 
used only to designate 
the entire ventral divi- 
sion of a segment. 


Cc. THE ARTICULAR 
SCLERITES OF THE 
APPENDAGES 


At the baseofeachleg 
and of each wing there 
are typically several 
sclerites between the appendage proper and the sclerites of the trunk 
of thesegment; these sclerites, which occupy an intermediate position 
between the body and its appendage, are termed the articular sclerites. 

Frequently one or more of the articular sclerites become consoli- 
dated with sclerites of the trunk so as to appear to form a part of its 
wall; this is especially true of those at the base of the legs. 

The articularsclerites of the legs.—The proximalsegment of the leg, 
the coxa, articulates with the body by means of two distinct articula- 
tions, which may be termed the pleural articulation of the coxa and the 
ventral articulation of the coxa respectively. The pleural articulation 
is with the ventral end of the foot of the lateral apodeme of the seg- 
ment, 2. e. with the pleural coxal process, which is at 
the ventral end of the suture between the episternum 
and the epimerum (Fig. 61, CxP). The ventral arti- 
culation is with a sclerite situated between the coxa 
and the episternum; this sclerite and others asso- 
ciated with it may be termed the articular sclerites 
of the legs. The articular sclerites of the legs to 
which distinctive names have been applied are the 
following: 


Fig. 64.—Prothorax of Penthe; c, coxa; cc, coxal 
cavity; f,femur; s, prosternum; fr, trochanter. 


Pile : Fig. 65.—The 
The trochantin—The maximum number of Pee we eed 


articular sclerites of the legs are found in the more of a cock- 


generalized insects; in the more specialized insects roach. 


the number is reduced by a consolidation of some of them with 
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adjacent parts. The condition found in a cockrcach may be taken 
as typical. Inthis insect the trcchdntin (Fig. 65, t) is a triangular 
sclerite, the apex of which points towards the middle line of the body, 
and is near the ventral articulation of the coxa (Fig. 65,y). In most 
specialized insects the trochantin is consolidated with the antecoxal 
piece, and the combined sclerites, which appear as one, are termed 
the trochantin. 


The antecoxal piece.—Between the trochantin and the episternum 
there are, in the cockroach studied, two sclerites; the one next the 
trochantin is the antecoxal piece. This is the articular sclerite that 
articulates directly with the coxa (Fig. 65, ac). As stated above, the 
antecoxal piece is usually consolidated with the trochantin, and the 
term trochantin is applied to the combined sclerites. Using the term 
trochantin in this sense, the statement commonly made that the 
ventral articulation of the coxa is with the trochantin is true. 

The second antecoxal piece-—The sclerite situated between the 
antecoxal piece and the episternum is the second antecoxal piece (Fig. 
6s, 2%ac). This is quite distinct in certain generalized insects; but it 
is usually lacking as a distinct sclerite. 


The articular sclerites of the wings.—In the Ephemerida and Odo- 
nata the chitinous wing-base is directly continuous with the walls of 
the thorax. In all other orders there are at the base of each wing 
several sclerites which enter into the composition of the joint by which 
the wing is articulated to the thorax; these may be termed collectively 
the articular sclerites of the wings. Beginning with the front edge 
of this joint and passing backward these sclerites are as follows: 

The tegula.—In several orders of insects there is at the base of the 
costal vein a small, hairy, slightly chitinized pad; this is the tegula 
(Fig. 66, 7g). Inthe more highly specialized orders, the Lepidoptera, 
the Hymenoptera, and the Diptera, the tegula is largely developed 
so as to form a scale-like plate overlapping the base of the wing. 

The tegul of the front wings of Lepidoptera are specially large 
and are carried by special tegular plates of the notum. These, in turn, 
are supported by special internal tegular arms from the bases of the 
pleural wing-processes (Snodgrass, ’og) 


The axillaries—Excepting the tegula, which is at the front edg2 
of the wing-joint, the articular sclerites of the wings have been termed 
collectively the avxillaries. Much has been written about these 
sclerites, and many names have been applied to them. The simplest 
terminology is that of Snodgrass (’o9 and ’r10 a) which I here adopt. 
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The first axillary —This sclerite (Fig. 66, 1 Ax) articulates with 
the anterior notal wing-process and is specially connected with the 
base of the subcostal vein of the wing. In rare cases it is divided 
into two. 

The second axillary.—The second axillary (Fig. 66, 2 Ax) articulates 
with the first axillary proximally and usually with the base of the 
radius distally; it also articulates below with the wing-process of the 
pleurum, constituting thus a sort of pivotal element. 

The third axillary —The third axillary (Fig. 66, 3 Ax) is interposed 
between the bases of the anal veins and the fourth axillary when this 
sclerite is present. When the fourth axillary is absent, as it is in 


Te Den 


Fig. 66.—Diagram of a generalized wing and its articular sclerites (From 
Snodgrass). 


nearly all insects except Orthoptera and Hymenoptera, the third 
axillary articulates directly with the posterior notal wing-process. 

The fourth axillary—When this sclerite is present it articulates 
with the posterior notal wing-process proximally and with the third 
axillary distally (Fig. 66, 4 Ax). Usually this sclerite is absent; it 
cecurs principally in Orthoptera and Hymenoptera. 

The median plates—The median plates of the wing-joint are not 
of constant shape and occurrence; when present, these plates are 
associated with the bases of the media, the cubitus, and the first anal 
vein when the latter is separated from the other anals. Often one of 
them is fused with the third axillary and sometimes none of them are 
present. 


d. THE APPENDAGES OF THE THORAX 


The appendages of the thorax are the organs of locomotion. 
They consist of the legs and the wings. Of the former there are three 
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pairs, a pair borne by each of the three thoracic segments; of the 
latter there are never more than two pairs, a pair borne by the meso- 
thorax and a pair borne by the metathorax. One or both pairs of 
wings may be wanting. 

The legs.—Each leg consists of the following named parts and 
their appendages: coxa, trochanter, femur, tibia, and tarsus. 

The coxa.—The coxa is the proximal segment of the leg; it is the 
one by which the leg is articulated to the body (Fig. 67). The coxa 
varies much in form, but it is usually a truncated cone or nearly 
globular. In some insects the coxe of the third pair of legs are more 
or less flattened and immovably attached to the metasternum; this 
is the case in beetles of the family Carabide for example. In such 
cases the coxe really form a part of the body-wall, and are liable to be 
mistaken for primary parts of the metathorax instead of the proximal 
segments of appendages. 

In several of the orders of insects the coxa is apparently composed 
of two, more 
or less dis- 
tinct, parallel 
parts; this is 
the case, for 
example, inin- 
sects of the 
trichopterous 
genus Neuro- 
nia (Fig. 68, 
Cx and epm). 
But it has 
been shown 
by Snodgrass 
(og) that the 
posterior part 
of the sup- 
posed double 
Cox a toe 
“‘meron’’ (Fig. 


1 : : 68, epm) isa 
Fig. 67.—Legs of insects: A, wasp; B, ichneumon-fly; C, ec, ) 
bee; c, coxa; ¢, trochanter; f, femur; #, tibia; ta, detached por- 
tarsus; m, metatarsus. tion of the 
epimerum. 


The styli.—In certain generalized insects, as Machilis of the order 
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‘Thysanura, the coxa of each middle and hind leg bears a small 
appendage, the stylus (Fig. 69). The styli are of great interest as 
they are believed to correspond to one of the two branches of the legs 
of Crustacea; thus indicating that insects have descended from 
forms in which the legs were biramous. 

In several genera of the Thysanura one or more of the abdominal 
segments bear each a pair of styli; in Machilis they are found on the 
second to the ninth abdominal segments. These styli are regarded as 
vestiges of abdominal legs. 

The trochanter.—The trochanter is the second part of the leg. It 
consists usually of a very short, triangular or quadrangular segment, 
between the coxa and the femur. Sometimes the femur appears to 
articulate directly with the coxa; and the trochanter to be merely an 
appendage of the prox'mal end of the femur (e. g. Carabide). But 
the fact is that in these insects, although the femur may touch the 
coxa, it does not articulate with it; and the 
organs that pass from the cavity of the coxa 
to that of the femur must pass through the 
trochanter. In some Hymenoptera the tro- 
chanter consists of two segments (67, B). 

The femur.—The femur is the third part of 
the leg; and is usually the largest part. It 
consists of a single segment. 

. The tibia.—The tibia is the fourth part of 
Y the leg. It consists of a single segment; and 
is usually a little more slender than the femur, 


Fig. 68.—Lateral aspect Pre 
of the mesothorax of although it often equals or exceeds it in length. 


Nesronta (Brom Snods a7.) cach species as burrow in the ground, the 


grass). ‘ ‘ 
distal extremity is greatly broadened and 


shaped more or less like a hand. Near the distal end of the tibia 
there are in most insects one or more spurs, which are much larger 
than the hairs and spines which arm the 
leg; these are called the tibial spurs, and 
are much used in classification. 

The tarsus.—The tarsus is the fifth and 
most distal part of the leg, that which is 
popularly called the foot. It consists of a 
series of segments, varying in number 
from one to six. Themost common num- 


ber of segments in the tarsus is five. 
In many insects, the first segment of the tarsus is much longer, 


\ 


Fig. 69.—A leg of Machtlis; 
s, stylus. 
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and sometimes much broader, than the other segments. In such 
cases this segment is frequently designated as the metatarsus (Fig. 
67, C, m). 

In some insects the claws borne by the distal end of the tarsus are 
outgrowths of a small terminal portion of the leg, the sixth segment 
of the tarsus of some authors. This terminal part with its appendages 
has received the name pretarsus (De Meijere ’o1). As a rule the 
preetarsus is withdrawn into the fifth segment of the tarsus or is not 
present as a distinct segment. 

On the ventral surface of the segments of the tarsus in many 
insects are cushion-like structures; these are called pulvilu. The 
cuticula of the pulvilli is traversed by numerous pores which open 
either at: the surface of the cuticula or through hollow hairs, the 
tenent-hairs, and from which exudes an adhesive fluid that enables the 
insect to walk on the lower surface of objects. 

With many insects (e. g. most Diptera) the distal segment of the 
tarsus bears a pair of pulvilli, one beneath each claw. In such cases 
there is frequently between these pulvilli a third single appendage of 
similar structure; thisis called the empddium; writers on the Orthop- 
tera commonly called the appendage between the claws the aroliwm. 
In other insects the empodium is bristle-like or altogether wanting. 

In many insects the pulvillus of the distal segment of the tarsus 
is a circular pad projecting between the tarsal claws. In many 
descriptive works this is referred to as the pulvillus, even though the 
other pulvilli are well-developed. The pulvilli are called the onpchit 
by some writers. 

The claws borne at the tip of the tarsus are termed the tarsal claws 
or ungues; they vary much in form; they are usually two in number, 
but sometimes there is only one on each tarsus. 


The wings.—The wings of insects are typically two pairs of mem- 
branous appendages, one pair borne by the mesothorax and one pair 
by the metathorax; prothoracic wings are unknown in living insects 
but they existed in certain paleozoic forms. 

Excepting in the subclass Apterygota which includes the 
orders Thysanura and Collembola, wings are usually present in adult 
insects. Their absence in the Apterygota is due to the fact that 
they have not been evolved in this division of the class Hexapoda; 
but when they are absent in adult members of the subclass Pterygo- 
ta, which includes the other orders of insects, their absence is due 
to a degradation, which has resulted in their loss. 
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The loss of wings is often confined to one sex of a species; thus 
with the canker-worm moths, for example, the females are Wingless, 
while the males have well-developed wings; on the other hand, with 
the fig-insects, Blastiphaga, the female is winged and the male 
wingless. 

Studies of the development of wings have shown that each wing is 
a saclike fold of the body-wall; but in the fully developed wing, its 
saclike nature is not obvious; the upper and lower walls become 
closely applied throughout the greater part of their extent; and since 
they become very thin, they present the appearance of a single delicate 
membrane. Along certain lines, however, the walls remain separate, 
and are thickened, forming the firmer framework of the wing. ‘These 
thickened and hollow lines are termed the veins of the wing; and their 
arrangement is described as the venation of the wing. 

The thin spaces of the wings which are bounded by veins are 
called cells. When a cell is completely surrounded by veins it is said 
to be closed; and when it extends to the margin of the wing it is said 
to be open. 

The different types of insect wings—What may be regarded as the 

typical form of insect wing is a nearly flat, delicate, membranous 
appendage of the body, which is stiffened by the so-called wing-veins;: 
but striking modifications of this form exist; and to certain of them 
distinctive names have been applied, as follows: 

In the Coleoptera and in the Dermaptera, the front wings are 
thickened and serve chiefly to protect the dorsal wall of the body and 
the membranous hind wings, which are folded beneath them when 
notinuse. Front wings of this type are termed wing-covers or élytra. 

The front wings of the Hemiptera, which are thickened at the 
base like elytra, are often desig- 
p nated the hemélytra. 

The thickened fore wings of 
Orthoptera are termed tégmina by 

many writers. 
The hind wings of Diptera, 
which are knobbed, thread-like 
a organs, are termed haltéres. ‘The 
hind wings of the males of the 
family Coccide are also thread- 

Fig. 70.—Diagram of a wing showing ike. 

Ue ee The reduced front wings of the 


Strepsiptera are known as the pseudo-halteres. 


¢ 
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The margins of wings——Most insect wings are more or less 
triangular in outline; they, therefore, present three margins: the 
costal margin or costa (Fig. 70, a-b); the outer margin (Fig. 70, 
b-c); and the tuner margin (Fig. 70, c-d). 

The angles of wings —The angle at the base of the costal margin 
of a wing is the humeral angle (Fig. 70, a); that between the costal 
margin and the outer margin is the apex of the wing (Fig. 70, 6); 


Fig. 71.—Wing of Conops; ae, axillary excision; 1, posterior lobe. 


and that between the outer margin and the inner margin is the anal 
angle (Fig. 70, c). 

The axillary cord.—The posterior margin of the membrane at the 
base of the wing is usually thickened and corrugated; this cord-like 
structure is termed the axillary cord. The axillary cord normally 
arises, on each side, from the posterior lateral angle of the notum, and 
thus serves as a mark for determining the posterior limits of the 
notum. 

The axillary membrane.—The 
membrane of the wing base is 
termed the axillary membrane; 
it extends from the tegula at the 
base of the costal margin to the 
axillary cord; in it are found the 
axillary sclerites. 

The alula.—In certain families 
of the Diptera and of the Coleop- 
Fig. 72.—Wings of the honeybee; tera the axillary membrane is 

h, hamuli. 
expanded so as to form a lobe or 
lobes which fold beneath the base of the wing when the wings are 
closed; this part of the wing is the alula or alulet. The alule are 
termed the sguame by some writers, and the calypteres by others. 
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The axillary excision—In the wings of most Diptera and in the 
wings of many other insects there is a notch in the inner margin of 
the wing near its base (Fig. 71, ae), this is the axillary excision. 

The posterior lobe of the wing —That part of the wing lying between 
the axillary excision when it exists, and the axillary membrane is the 
posterior lobe of the wing. The posterior lobe of the wing and an alula 
are easily differentiated as the alula is margined by the axillary cord. 

The methods of uniting the two wings of each side—lIt is obvious 
that a provision for ensuring the synchronous action of the fore and 
hind wings adds to their efficiency; it is as important that the two 
pairs of wings should act as a unit as it is that the members of a boat’s 
crew should pull together. In many insects the synchronous action 
of the wings is ensured by the fore wing overlapping the hind wing. 
But in other insects special structures have been developed which 
fasten together the two wings of each side. The different types of 
these structures have received special names as follows: 

The hamuli.—With certain insects the costal margin of the hind 
wings bears a row of hooks, which fasten into a fold on the inner 
margin of the fore wings (Fig. 72); these hooks are named the hamulz. 

The frenulum and the frenulum hook.—In most moths there is a 
strong spine-like organ or a 
bunch of bristles borne by the 
hind wing at the humeral 
angle (Fig. 73, f); this is the 
frenulum or little bridle. Asa 
rule the frenulum of the female 
consists of several bristles; that 
of the male, of a single, strong, 
spine-like organ. Inthe males 
of certain moths, where the 
frenulum is highly developed, 


there is a membranous fold on f oe o ; 
the fore wing for receiving the M, 
end of the frenulum, this is the M5 
frenulum hook (Fig. 73, fh). Cus 
; : Cu; 
The jugum.—In one family LTA 
of moths, the Hepialidz, the 3d A 


‘ . c 
Eek eae " sabe aa Fig.73.—Wings of Thyridopteryx ephemere- 
is a slender, finger-like organ forms; f, frenulum; fh, frenulum hook. 


which is stiffened by a branch 
of the third anal vein, and which projects beneath the costal margin 
of the hind wing. As the greater part of the inner margin of the fore 
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wing overlaps the hind wing, the hind wing is held between the two 
(Fig. 74). This type of the posterior lobe of the fore wing is termed 
the jugum or yoke. The structure of the jugum is shown in Figure 75. 

The fibula—In several groups of insects an organ has been 
developed that serves to unite the fore and hind wings, but which 
functions in a way quite different from that of the jugum. Like the 
jugum it is found at the base of the fore wing; but unlike the jugum 
it extends back above the base of the hind wing and is clasped over an 
elevated part of the hind wing; this organ is the fibula or clasp. 

In some insects, as in the Trichoptera, the fibula consists only of 
a specialized posterior lobe of the fore wing; in others, as in the 
genus Corydalus of the order Neuroptera, the proximal part of the 
fibula is margined by the axillary cord, showing that the axillary 
membrane enters into the composition of this organ (Fig. 76). 

The hypothetical type of the primitive wing-venation—A careful 
study of the wings of many insects has shown that the fundamental 
type of venation is the same in all of the orders of winged insects. 
But this fact is evident only when the more primitive or generalized 
members of different orders are compared with each other. In most 
of the orders of insects the greater number of species have become so 

modified or specialized as 
regards the structure of 
their wings that it is diffi- 

a cult at first to trace out the 
primitive type. 

This agreement in the 
important features of the 
venation of the wings of 
the generalized members of 
the different orders of insects 
is still more evident when 
the wings of nymphs, naiads, 
and pupae are studied. It 
has been demonstrated that 

\ in the development of wings 
of generalized insects the 
longitudinal wing-veins are 
formed about preexisting 

. ; “ trachee. In the develop- 

Be i pags hae set seen from ment of the wing, these 

tracheee grow out into the 

wing-bud, and later the wing-veins are formed about them. 


THE EXTERNAL ANATOMY OF INSECTS 63 


The wings of nymphs, naiads, and pupe are broad at the base, 
and consequently the trachez that precede the wing-veins are not 
crowded together as are the wing-veins at the base of the wings of 


3aA 


F 


Fig. 75.—Jugum of a hepialid. Fig. 76.—Fibula of Corydalus. 


adults. For this reason the identity of the wing-veins can be deter- 
mined more surely in the wings of immature insects than they can be 
in the wings of adults. This is especially true where two or more 
veins coalesce in the adult wing while the trachee that precede these 
veins are distinctly separate in the immature wing. 

A study was made of the tracheation of the wings of immature 
insects of representatives of most of the orders of insects, and, assum- 
ing that those features that are possessed by all of them must have 
been inherited from a common ancestor, a diagram was made repre- 
senting the hypothetical tracheation of a nymph of the primitive 
winged insect (Fig. 77). In this diagram the trachee are lettered 


Fig. 77.—Hypothetical tracheation of a wing of the primitive nymph. 


with the abbreviations used in designating the veins that are formed 
about them in the course of the development of the wing. The dia- 
gram will serve, therefore, to indicate the typical venation of an insect 
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wing, except that the trachez.are not crowded together at the base of 
the wing as are'the veins in the wings of adults.* 

Longitudinal veins and cross-veins—The veins of the wing can be 
grouped under two heads: first, longitudinal veins, those that 
normally extend lengthwise the wing; and second, cross-veins, those 
that normally extend in a transverse direction. 

The insertion of the word normally in the above definitions is 
important; for it is only in comparatively generalized wings that the 
direction of a vein can be depended upon for determining to which of 
these two classes it belongs. 

The principal wing-veins — The longitudinal wing-veins constitute 
the principal framework of the wings. In the diagram representing 
the typical venation of an insect wing (Fig. 77), only longitudinal 
veins are indicated; this is due to the fact that the diagram was based 
on a study of the tracheation of wings, and in the more generalized 
wings the cross-veins are not preceded by tracheze; moreover in the 
wings of more generalized paleozoic insects there were no definite 
cross-veins, but merely an irregular network of thickened lines 
between the longitudinal veins. 

There are eight principal veins; and of these the second, third, 
fourth, and fifth are branched. The names of these veins and the 
fbbreviations by which they are known are as follows, beginning with 
fhe one nearest the costal margin of the wing: 


Names of veins Abbreviations 
Costa Seis uctniee ohne oe a ee ee C 
SUDCOStA 5. chet ae. Ree, 2 een eens ee Sc 
TRACIUS haces 5s sincnaid ore MOOI oe Oe ie oe ee R 
Media 28... can pcieens ree. anaes woe M 
CAL IGUGIE oe. eee ek ea Cu 
BirstrA nal sen 2 ote ts (eee cere eee ee Ist A 
Second Analisi. ete, eee 2d A 
A Mabhite Gs Wels) ace ee ek eRe he gE Pon | 3d A 


The chief branches of the wing-veins —The chief branches of the 
principal veins are numbered, beginning with the branch nearest to 
the costal margin of the wing. The term used to designate a branch 
of a vein is formed by compounding the name of the vein with a 


*For many details regarding the development of the wings of insects, their 
strugtute, and the terminology of the wing-veins, that can not be included in 
this work, see a volume by the writer entitled The Wings of Insects. This is 
published by The Comstock Publishing Company, Ithaca, N. Y. 
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numeral indicating the number of the branch; thus, for example, the 
first branch of the radius is radius-one or vein Rj. 

In the case of radius and media, each of which has more than two 
branches, each division of the vein that bears two or more branches 
has received a specialname. Thus after the separation of*radius-one 
from the main stem of radius there remains a division whith is typi- 
cally four-branched; this division is termed the radial ‘Sector, or 
vein R,; the first division of the radial sector, which later separates 
into radius-two and radius-three, is designated as radius-two-plus- 
three or vein R243; and the second division is termed radius-four- 
plus-five or vein Ry ;. Media‘is typically separated into two divi- 
sions, each of which is two-branched; the first division is media-one- 
plus two or vein Mj4., the second is media-three-plus-four or vein 
M3 44. -, 

The veins of the anal area.—The three anal veins exhibit a wide 
tange of variation both as to their persistence and to_their form when 


Fig. 78.—A wing of Rhyphus. 


present. In those cases where the anal veins are branched there is 
no indication that the branching has been derived from a uniform 
primitive type of branching. For this reason in describing a branched 
anal vein merely the number of branches is indicated. 

In some cases, as in the Odonata, there is a single anal vein the 
identity of which can not be determined. In such cases this vein is 
designated merely as the anal vein or vein A, and its branches as Aj, 
Ao, As, etc. 

The reduction of the number of wing-veins—In many wings the 
number of the veins is less than it is in the hypothetical type. In 
some cases this is due to the fact that one or more veins have faded 
out in the course of the evolution of the insects showing this deficiency; 
frequently in such wings vestiges of the lacking veins remain, either 
as faint lines in the positions formerly occupied by the veins or as 
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short fragments of the veins. A much more common way in which 
the number of veins has been reduced is by the coalescence of adja- 
cent veins. In many wings the basal parts of two or more principal 
veins are united so as to appear as a single vein; and the number of 
the branches of a vein has been reduced in very many cases by two or 
more branches becoming united throughout their entire length. 
When a vein consists of two or more of the primitive veins united, 
the name applied to the compound vein should indicate this fact. In 
the wing of Rhyphus (Fig. 78), for example, radius is only three- 
branched; but it would be misleading to designate these branches as 
R,, Ro, and R;, for this would indicate that veins R4and R; are lacking. 
The first branch is evidently Ri; the second branch is composed of the 


Fig. 79.—A wing of Tabanus. 


coalesced Re and Rs, it is, therefore, designated as R213; and the 
third branch, which consists of the coalesced Ry and R;, is designated 
as Rais. 

A second method of coalescence of veins is illustrated by a wing of 
Tabanus (Fig. 79). In this wing the tips of cubitus-two and the 
second anal vein are united; here the coalescence began at the margin 
of the wing and is progressing towards the base. The united portions 
of the two veins are designated as 2d A Cur. 

When it is desired to indicate the composition of a compound 
vein it can be readily done by combining the terms indicating its 
elements. But in descriptions of hymenopterous wings where a 
compound vein may be formed by the coalescence of several veins the 
logical carrying out of this plan would result in a very cumbersome 
terminology, one that it is impracticable to use in ordinary descrip- 
tions. In such cases the compound vein is designated by the term 
indicating its most obvious element. Thus, for example, in the fore 
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wing of Pamphilius, where veins M,, Cu,, and Cu, coalesce with the 
first anal vein, the united tips of these veins is designated as vein rst A, 
the first anal vein being its most obvious element (Fig. 80), although 
it is really vein M,,Cu,;Cu. 1st A. 

Serial veins.—In the wings of some insects, where the wing-vena- 
tion has been greatly modified, as in certain Hymenoptera, there exist 
what appears to be simple veins that in reality are compound veins 
composed of sections of two or more veins joined end to end with no 
indication of the point of union. Compound veins formed in this 


Fig. 80.—Wings of Pamphilius. 


manner are termed serial veins. Examples of wings in which there are 
serial veins are figured in the chapter treating of the Hymenoptera. 

In designating serial veins either the sign & or a dash is used 
between the terms indicating the elements of the vein, instead of the 
sign + as the latter is used in designating compound veins formed by 
the coalescence of veins side by side. If the serial vein consists of 
only two elements the sign & is used; thus the serial vein in the wings 
of braconids, which consists of the medial cross-vein and vein M., is 
designated asm & M.. 

In those cases where sections of several veins enter into the com- 
position of a serial vein, the serial vein is designated by the abbrevia- 
tion of the name of the basal element connected by a dash with the 
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abbreviation of the name of the terminal element. Thus a serial 
vein, the basal element of which is the cubitus and the terminal ele- 
ment vein My, is designated as vein Cu—M,. A serial vein thus 
formed exists in the hind wings of certain ichneumon flies. 

The increase of the number of wing-veins. In the wings of many 
insects the number of veins is greater than it is in the hypothetical 
type. This multiplication of veins is due either to an increase in the 
YY” 
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Fig. 81.—Wings of Osmylus hyalinatus. 


number of the branches of the principal veins by the addition of 
secondary branches, termed accessory veins, or to the development of 
secondary longitudinal veins between these branches, termed inter- 
calary veins. Inno case is there an increase in the number of principal 
veins. 


The accessory veins.—The wings of Osmylus (Fig. 81) are an exam- 
ple of wings in which accessory veins have been developed; here the 
radial sector bears many more branches than the typical number; 
those branches that are regarded as the primitive branches are 
lettered Ri, Re, Rs, Ru, and R; respectively (Fig. 82); the other 
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branches are the secondarily developed accessory veins. Two types 
of accessory veins are recognized the marginal accessory veins and 
the definitive accessory veins. 

The marginal accessory veins are twig-like branches that are the 
result of bifurcations of veins that have not extended far back from 
the margin of the wing; many such short branches of veins exist in 
the wings of Osmylus (Fig. 81). The number and position of the 
marginal accessory veins are not constant, differing in the wings of 
the two sides of the same individual. 

The definitive accessory veins differ from the marginal accessory 


Fig. 82.—Base of fore wing shown in Figure 81. 


veins in having attained a position that is comparable in stability to 
that of the primitive branches of the principal veins. 

In those cases where the accessory veins are believed to have been 
developed in regular order they are designated by the addition of a 
letter to the abbreviation of the name of the vein that bears them; 
thus if vein Re bears three accessory veins they are designated as 
veins Ro,, Roy, and Re, respectively. 

The intercalary veins——The intercalary veins are secondarily 
developed longitudinal veins that did not arise as branches of the 
primitive veins, but were developed in each case as a thickened fold in 
a corrugated wing, more or less nearly midway between two pre- 
existing veins, with which primarily it was connected only by cross- 
veins. Excellent examples of unmodified intercalary veins are com- 


70 


AN INTRODUCTION TO ENTOMOLOGY 


mon in the Ephemerida, where most of the intercalary veins remain 
distinct from the veins between which they were developed, being 


Fig. 83.—Wing of a May-fly (After Morgan). 


connected with 
them only by 
cross-veins, the 
proximal end of 


the intercalary 


vein being free 
(Fig. 83). 
When it is 
desirable to re- 
fer to a parti- 
cular interca- 
lary vein it can 


be done by combining the initial J, indicating intercalary, with the 
designation of the area of the wing in which the intercalary vein occurs. 
For example, in the wings of most May-flies there is an intercalary 
vein between veins Cu; and Cup, ze. inthe area Cu; this intercalary 


vein is desig- 
nated as ICuy. 

The adven- 
titious verns.— 
In certain in- 
sects there are 
Secou dag. 
veins that are 
neither acces- 
sory veins nor 
intercalary 
veins as de- 
fined above; 
these are 
termed adven- 
litious veins. 
Examples of 
these are the 
supplements of 
the wings of 


Fig. 84.—Wings of Prionoxystus. 


certain Odonata and the spurious vein of the Syrphide. 
é The anastomosis of veins —The typical arrangement of wing-veins 
is often modified by an anastomosis of adjacent veins; that is, two 
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veins will come together at some point more or less remote from their 
extremities and merge into one for a greater or less distance, while 
their extremities remain separate. In the fore wing of Prionoxystus 
(Fig. 84), for example, there is an anastomosis of veins R3 and Rais. 

The named cross-veins.—In the wings of certain insects, as the 
dragon-flies, May-flies, and others, there are many cross-veins; it is 
impracticable in cases of this kind to name them. But in several of 
the orders of insects there are only a few cross-veins, and these have 
been named. Figure 85 represents the hypothetical primitive type 


v Ge So Se, 


Fig. 85.— The hypothetical primitive type of wing-venation with the named 
cross-veins added. 


of wing-venation with the named cross-veins added in the positions in 
which they normally occur; these are the following: 

The humeral cross-vein (h) extends from the subcosta to costa near 
the humeral angle of the wing. 

The radial cross-vein (r) extends between the two principal divi- 
sions of radius, 7. e. from vein R, to vein R,. 

The sectorial cross-vein (s) extends between the principal divisions 
of the radial sector— 7. e., from vein Re+3 to vein R445 or from vein 
R; to vein Ry. 

The radio-medial cross-vein (r—m) extends from radius to media, 
usually near the center of the wing. When in its typical position 
this cross-vein extends from vein Ry+5 to vein Mi 42. 

The medial cross-vein (m) extends from vein M2 to vein M;. This 
cross-vein divides cell Mz into cells, rst Mz and 2d M2; see Figure 87 
where the cells are lettered. 

‘The medio-cubital cross-vein (m—cu) extends from media to 
cubitus. 


72 AN INTRODUCTION TO ENTOMOLOGY 


The arculus.—In many insects there is what appears to be a cross- 
vein extending from the radius to the cubitus near the base of the 
wing; this is the arculus. The arculus is designated in figures of 
wings by the abbreviation.ar. Usually when the arculus is present 
the media appears to arise from it; the fact is, the arculus is com- 
pound, being composed of a section of media and a cross-vein. 
Figure 86 is a dia- 
gram representing 
the typical struc- 
ture of the arculus. 
That part of the 
arculus which is a 


section of media is 
Fig. 86.—Diagram of an arculus of a dragon-fly. designated as the 


anterior arculus (aa) 
and that part formed by a cross-vein, the posterior arculus (pa). 

The terminology of the cells of the wing.—Each cell of the wing is 
designated by the name of the vein that normally forms its front 
margin when the wings are spread. See Figure 87 where both the 
veins and the cells of the wing are lettered. 

The cells of the wing fall naturally into two groups: first, those 
on the basal part of the wing; and second, those nearer the distal end 
of the wing. The former are bounded by the stems of the principal 
veins, the latter, by the branches of these veins; a corresponding 
distinction is made in designating the cells. Thus a cell lying behind 
the main stem of radius and in the basal part of the wing is designated 
as cell R; while a cell lying behind radius-one is designated as cell R. 


2a A 
Fig. 87.—A wing of Rhyphus. 


It should be remembered that the coalescence of two veins results 
in the obliteration of the cell that was between them. Thus when 
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veins J, and J; coalesce, as in the wings of Rhyphus (Fig. 87), the cell 
lying behind vein Ro +3 is cell Rs, and not cell Re +3, cell Ry having been 
obliterated. 

When one of the principal cells is divided into two or more parts by 
one or more cross-veins, the parts may be numbered, beginning’ with 
the proximal one. Thus in Rhyphus (Fig. 87), cell Mz is divided by 
the medial cross-vein into cell rstM, and cell 2dMo. 

When two or more cells are united by the atrophy of the vein or 
veins separating them, the compound cell thus formed is designated 
by a combination of the terms applied to the elements of the com- 
pound cell. When, for example, the stem of media is atrophied, the 
cell resulting from the combination of cells R and M is designated as 
cell R+M. 

The application of this system of naming the cells of the wing is an 
easy matter in those orders where there are but few cross-veins; but 
in those orders where there are many cross-veins it is not practicable 
to apply it. In the latter case we have to do with areas of the wing 
rather than with separate cells. These areas are designated as are the 
cells of the few-veined wings with which they correspond; thus the 
area immediately behind vein Re is area Rg. 

The corrugations of the wings—The wings of comparatively few 
insects present a flat surface; in most cases the membrane is thrown 
into a series of folds or corrugations. This corrugating of the wing in 
some cases adds greatly to its strength, as in the wings of dragon-flies; 
in other cases the corrugations are the result of a folding of the wing 
when not in use, as in the anal area when this part is broadly ex- 
panded. 

It rarely happens that there is occasion to refer to individual 
members of either of these classes of folds, except perhaps the one 
between the costa and the radius, which is the subcostal fold and that 
which is normally between the cubitus and the first anal vein, the 
cubito-anal fold. 

Convex and concave veins —When the wings are corrugated, the 
wing-veins that follow the crests of ridges are termed convex veins; 
and those that follow the furrows, concave veins. 

The furrows of the wing —There are found in the wings of many 
insects one or more suture-like grooves in the membrane of the wing; 
these are termed the furrows of the wing. The more important of 
these furrows are the four following: 

The anal furrow when present is usually developed in the cubito 
anal fold; but in the Heteroptera it is found in front of the cubitus. 
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The median furrow is usually between radius and media. 

The nodal furrow is a transverse suture beginning at a point in the 
costal margin of the wing corresponding to the nodus of the Odonata 
and extending towards the inner margin of the wing across a varying 
number of veins in the different orders of insects. 

The axillary furrow is a line that serves as a hinge which facilitates 
the folding of the posterior lobe of the wing of many insects under that 
part of the wing 
in front of it. 

The bulle.— 
The bulle are 
weakened places 
in veins of the 
wing where they 
are crossed by 
furrows. The 
bull are usually 
paler in color 
than the other portions of the wing; they are common in the wings 
of the Hymenoptera (Fig. 88), and of some other insects. 

The ambient vein.—Sometimes the entire margin of the wing is 
stiffened by a vein-like structure; this is known as the ambient vein. 

The humeral veins —In certain Lepidoptera and especially in the 
Lasiocampide, the humeral area of the hind wings is greatly expanded 
and in many cases is strengthened by the development of secondary 
veins. These are termed the humeral veins. 

The pterostigma or stigma—aA thickened, opaque spot which 
exists near the costal margin of the outer part of the wing in many 
insects is known as the plerostigma or stigma. 

The epipleure.—A part of the outer margin of the elytra of beetles 
when turned down on the side of the thorax is termed the epipleura. 

The discal cell and the discal vein.—The term discal cell is applied 
to a large cell which is situated near the center of the wing; and the 
term discal vein, to the vein or series of veins that limits the outer end 
of the discal cell. These terms are not a part of the uniform terminol- 
ogy used in this book, and can not be made so, being applied to 
different parts of the wing by writers on different orders of insects. 
They are included here as they are frequently used, as a matter of 
convenience, by those who have adopted the uniform terminology. 
The discal cell of the Lepidoptera is cell R+M-+IstM2; that of the 
Diptera is cell 1st Mz; and that of the Trichoptera is cell Re+s. 


Fig. 88.—Wings of Myrmecia; b, b, b, bulle. 
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The anal area and the preanal area of the wing. —In descriptions of 
wings it is frequently necessary to refer to that part of the wing 
supported by the anal veins; this is designated as the anal area of the 
wing; and that part lying in front of the anal area, including ail cf 
the wing except the anal area, is termed the preanal area. 


IV. THE ABDOMEN 


a. THE SEGMENTS OF THE ABDOMEN 


The third and terminal region of the body, the abdomen, consists 
of a series of approximately similar segments, which as a rule are 
without appendages excepting certain segments near the caudal end 
of the body. 

The body-wall of an abdominal segment is usually comparatively 
simple, consisting in adults of a tergum and a sternum, united by 
lateral conjunctive. Sometimes there are one or two small sclerites 
on each lateral aspect of a segment; these are probably reduced 
pleura. 

The number of segments of which the abdomen appears to be 
composed varies greatly in different insects. In the cuckoo-flies 
(Chrysididz) there are usually only three or four visible; while in 
many insects ten or eleven can be distinguished. All intergrades 
between these extremes occur. 

The apparent variation in the number of abdominal segments is 
due to two causes: in some cases, some of the segments are tele- 
scoped; and in others, adjacent segments coalesce, so that two or more 
segments appear as one. 

A study of embryos of insects has shown that the abdomen con- 
sists typically of eleven segments; although this number may be 
reduced during the development of the insect by the coalescence of 
adjacent segments. 

In some insects there is what appears to be a segment caudad of 
the eleventh segment; this is termed the telson. The telson differs 
from the segments preceding it in that it never bears appendages. 

Special terms have been applied, especially by writers on the 
Coleoptera, to the caudal segments of the abdomen. Thus the 
terminal segment of a beetle’s abdomen when exposed beyond the 
elytra is termed the pygidium; the tergite cephalad of the pygidium, 
especially in beetles with short elytra, the propygidium; and the last 
abdominal sternite, the hypopygium. The term hypopygium is also 
applied to the genitalia of male Diptera by writers on that order of 
insects. 


i 


76 AN INTRODUCTION TO ENTOMOLOGY 


b. THE APPENDAGES OF THE ABDOMEN 


In the early embryonic stages of insects, each segment of the 
abdomen, except the telson, bears a pair of appendages (Fig. 89). This 
indicates that the primitive ancestor of insects possessed many legs, 
like a centipede. But the appendages of the first 
seven abdominal segments are usually lost during 
embryonic life, these segments being without appen- 
dages in postembryonic stages, except in certain 
Thysanura and Collembola, and in some larve. 

Reference is made here merely to the primary 
appendages of the segments, those that are homodyna- 

mous with the thoracic legs; secondarily developed 
appendages, as for example, the tracheal gills, are 
present in the immature instars of many insects. 

The styli or vestigial legs of certain Thysanura.—In 
certain Thysanura the coxa of each middle and hind 
thoracic leg bears a small appendage, the stylus (Fig. 90); 
and on from one to nine abdominal segments there is 
S a pair of similar styli. These abdominal styli are 
Fig. 89.-Em- believed to be homodynamous with those of the thoracic 

bey Coie: legs, and must, therefore, be regarded as vestiges of 
showing ab- abdominal legs. 
Sea ae The collophore of the Collembola.—Although in the 
postembryonic stages of Collembola the collophore is 
an unpaired organ on the middle line of the ventral aspect of the first 
abdominal segment, the fact that it arises in the embryo as a pair of 
appendages comparable in position to the thoracic legs, has led to the 
belief that it represents the legs of this segment. The structure of 
the collophore is described more fully later in the chapter treating of 
the Collembola. 

The spring of the Collembola—The spring of the Collembola, 
like the collophore, is believed to represent a pair of primary append- 
ages. This organ is discussed in the chapter treating of the Col- 
lembola. 

The genitalia.—In most insects there are more or less prominent 
‘appendages connected with the reproductive organs. These append- 
-ages constitute in males the genital claspers and in females the ovi- 
posttor; to them have been applied the general term genitalia, they 

are also known as the gonapdphyses. 

The genitalia, when all are developed consist of three pairs or 
appendages. Writers vary greatly in their views regarding the seg- 
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ments of the abdomen to which these appendages belong. One cause 
of difference is that some writers regard the last segment of the abdo- 
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Fig. 90.—Ventral aspect of Machilis; c, cer- 
cus; 1p, labial palpus; mf, median caudal 
filament; mp, maxillary palpus; 0, oviposi- 
tor; s, s, styli. That part of the figure 
representing the abdomen is after Oude- 
mans. 


men as the tenth abdominal 
segment while others believe it 
to be the eleventh, which is 
the view adopted in this work, 
this segment bears the cerci 
when they are present. The 
three pairs of appendages that 
constitute the genitalia are 
borne by the eighth and ninth 
segments, two pairs being 
borne by the ninth segment. 
The outer pair of the ninth 
segment constitute the sheath 
of the ovipositor. See ac- 
count of the genitalia of the 
Orthoptera in Chapter eight. 


The genitalia of many in- 
sects have been carefully fig- 
ured and described and special 
terms have been applied to 
each of the parts. But as most 
of these descriptions have been 
based upon studies of repre- 
sentatives of a single order of 
insects or even of some smaller 
group, there is a great lack 
of uniformity in the terms 
applied to homologous parts 
in the different orders of in- 
sects; such of these terms as 
are commonly used are defined 


later in the characterizations of the several orders of insects. 

The cerci—In many insects there is a pair of caudal appendages 
which are known as the cerci; these are the appendages of the 
eleventh abdominal segment, the last segment of the body except in 
the few cases where a telson is present. 

The cerci vary greatly in form; in some insects, as in most Thy- 
sanura, in the Plecoptera, and in the Ephermerida, they are long and 
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many jointed; while in others they are short and not segmented. 
The function of the cerci is different in different insects; they are 
believed to be tactile in some, olfactory in others, 
and in some males they aid in holding the female 
during copulation. 


The median caudal filament.—In many of the 
Ephemerida and in some of the Thysanura, the last 
abdominal segment bears a long, median filament, 
which resembles the many-jointed cerci of these 
insects (Fig. 91); this filament is believed to be a 
prolongation of the tergum of this segment and nota 
true appendage like the cerci. 


The prolegs of larve.—The question whether the 
prolegs of larvae represent true appendages or are 
merely hypodermal outgrowths has been much dis- 
cussed. Several embryologists have shown that in 
embryos of Lepidoptera and of saw-flies limb-rudi- 
ments appear on all or most of the abdominal seg- 
ments; and that they very soon disappear on those 
segments which in the larva have no legs while on other segments 
they are transferred into functional prolegs. If this view is estab- 
lished we must regard such prolegs as representing primitive abdo- 
minal appendages, that is as true abdominal legs. 


Fig. 91.—Lepis- 
ma saccharina. 


V. THE MUSIC AND THE MUSICAL ORGANS 
OF INSECTS 


Much has been written about music; but the greater part of this 
literature refers to music made by man for human ears. Man, how- 
ever, is only one of many musical animals; and, although he excels 
all others in musical accomplishments, a study of what is done by our 
humbler relatives is not without interest. 

The songs of birds command the attention of all observers. But 
there is a great orchestra which is performing constantly through the 
warmer portions of the year, which is almost unnoticed by man. 
Occasionally there is a performer that cannot be ignored, as:— 


“The shy Cicada, whose noon-voice rings 
So piercing shrill that it almost stings 
The sense of hearing.’ (E1izaBETH AKERS.) 


But the great majority fiddle or drum away unnoticed by human ears. 
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Musical sounds are produced by many different insects, and in 
various ways. These sounds are commonly referred to as the songs of 
insects; but properly speaking few if any insects sing; for, with some 
possible exceptions, the note of an insect is always at one pitch, lacking 
musical modulations like those of the songs of man and of birds. 

The sound produced by an insect may be a prolonged note, or it 
may consist of a series of short notes of varying length, with intervals 
of rest of varying lengths. These variations with differences in pitch 
give the wide range of insect calls that exists. 

In some cicadas where the chambers containing the musical organs 
are covered by opercula, the insect can give its call a rhythmic 
increase and decrease of loudness, by opening and closing these 
chambers. 

As most insect calls are strident, organs specialized for the pro- 
duction of these calls are commonly known as stridulating organs. 
But many sounds of insects are produced without the aid of organs 
specialized for the production of sound. The various ways in which 
insects produce sounds can be grouped under the following heads: 

First.—By striking blows with some part of the body upon sur- 
rounding objects. 

Second.—By rapid movements of the wings. In this way is 
produced what may be termed the music of flight. 

Third.—By rasping one hard part of the body upon another. 
Under this head fall the greater number of stridulating organs. 

Fourth—By the rapid vibration of a membrane moved by a muscle 
attached toit. This is the type found in the cicadas. 

Fifth—By the vibration of membranes set in motion by the rush 
of air through spiracles. The reality of this method has been ques- 
tioned. 

Sixth—By rapid changes of the outline of the thorax due to the 
action of the wing muscles. 


a. SOUNDS PRODUCED BY STRIKING OBJECTS OUTSIDE THE BODY 


Although the sounds produced by insects by striking blows with 
some part of the body upon surrounding objects are not rapid enough 
to give a musical note, they are referred to here for the sake of 
completeness. 

The most familiar sounds of this kind are those produced by the 
insects known as the death-watch. These are small beetles of the 
family Ptinidze, and especially those of the genus Anobium. These 
are wood-boring insects, frequently found in the woodwork of old 
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houses and in furniture, where they make a ticking sound by striking 
their heads against the walls of their burrows. The sound consists of 
several, sharp, distinct ticks, followed by an interval of silence, and is 
believed to be a sexual call. 

The name death-watch was applied to these insects by supersti- 
tious people who believed that it presaged the death of some person 
in the house where it is heard. This belief probably arose from the 
fact that the sound is most likely to be heard in the quiet of the night, 
and would consequently be observed by watchers by sick-beds. 

The name death-watch has also been applied to some species of the 
Psocidze, Clothilla pulsatoria and Atropos divinatoria, which have been 
believed to make a ticking sound. This, however, is doubted by 
some writers, who urge that it is difficult to believe that such minute 
and soft insects can produce sounds audible to human ears. 

The death-watches produce their sounds individually; but an 
interesting example of an insect chorus is cited by Sharp (’99, p. 156), 
who, quoting a Mr. Peal, states that an ant, presumably an Assamese 
species, ‘“‘makes a concerted noise loud enough to be heard by a human 
being at twenty or thirty feet distance, the sound being produced by 
each ant scraping the horny apex of the abdomen three times in rapid 
succession on the dry, crisp leaves of which the nest is usually com- 
posed.”’ 


b. THE MUSIC OF FLIGHT 


The most obvious method by which insects produce sounds is by 
beating the air with their wings during flight. It can be readily seen 
that if the wing-strokes are sufficiently rapid and are uniform, they 
will produce, like the flapping reeds of a mouth organ, a musical note. 

When, however, we take into account the fact that to produce the 
lowest note regularly employed in music, the C of the lowest octave, 
requires 32 vibrations a second, 7. e., nearly 2,000 vibrations per 
minute, it will seem marvellous that muscular action can be rapid 
enough to produce musical notes. Nevertheless, it is a fact that 
many insects sing in this way; and too their notes are not confined to 
the lower octaves. For example, the common house fly hums F of 
the middle octave, to produce which, it must vibrate its wings 345 
times per second or 20,700 times per minute. 

As a tule, the note produced by the wings is constant in each 
species of insect. Still with insects, as with us, the physical condition 
of the singer has its influence. The vigorous honey-bee makes the A 
of 435 vibrations, while the tired one hums on the E of 326 vibrations. 
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While it is only necessary to determine the note produced by 
vibrating wings to ascertain the rate of vibration, a graphical demon- 
stration of the rate is more convincing. Such a demonstration has 
been made by Marey (’69) who fixed a fly so that the tip of the wing 
just touched the smoked surface of a revolving cylinder, and thus 
obtained a wavy line, showing that there were actually 320 strokes in 
a second. This agrees almost exactly with the number inferred from 
the note produced. 

The music of flight may be, in many cases, a mere accidental result 
of the rapid movement, and in no sense the object of that movement, 
like the hum of a trolley car; but there are cases where the song seems 
to be the object of the movement. The honeybee produces different 
sounds, which can be understood by man, and probably by bees, as 
indicating different conditions. The contented hum of the worker 
collecting nectar may be a song, like the well-known song of a hen 
wandering about on a pleasant day, or may be an accidental sound. 
But the honeybee produces other sounds that communicate ideas. 
‘The swarming sound, the hum of the queenless colony, and the note 
of anger of a belligerent bee can be easily distinguished by the experi- 
enced beekeeper, and doubtless also by the bee colony. It seems 
probable, therefore, that in each of these cases the rate of vibration of 
the wings is adjusted so as to produce a desired note. This is also 
probably true of the song of the female mosquito, which is pitched so 
as to set the antennal hairs of the male in vibration. 

While the music of flight is a common phenomenon, many insects 
have a silent flight on account of the slowness of the wing-movement. 


c. STRIDULATING ORGANS OF THE RASPING TYPE 


The greater number of the insect sounds that attract our attention 
are produced by the friction of hard parts of the cuticula by which a 
vibrating surface is set in motion. In some cases, as in many of the 
Orthoptera, the vibrating surface is a part of the wings that is special- 
ized for this purpose; but in other cases, a specialized vibrating sur- 
face has not been observed. 

Stridulating organs of the rasping type are possessed by represen- 
tatives of several of the orders of insects; but they are most common 
in the order Orthoptera, and especially in the families Acridiide, 
Locustide, and Gryllide, where the males of very many species 
possess them. Very few other Orthoptera stridulate; and with few 
exceptions it is only the males that sing. 
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In each of these families the vibrating element of the stridulating 
organ is a portion of one or of both of the fore wings; but this is set in 
motion in several different ways. In some exotic Acridiide abdominal 
stridulating organs exist. 

The stridulating organs of the Locustidae.——With many species 
of the Locustidze we find the males furnished with stridulating organs; 
but these are comparatively simple, and are used only in the day time. 

Two methods of stridulation are used by members of this family. 
The simpler of these two methods is employed by several common 
species belonging to the (Edipodinz; one of which is the Carolina 
locust, Dissosteira carolina, whose crackling flight is a common feature 
of country roadsides. These locusts, as they fly, rub the upper sur- 
face of the costal margin of the hind wings upon the lower surface of 
the thickened veins of the fore wings, and thus produce a loud but not 
musical sound. 

The second method of stridulation practiced by locusts consists 
in rubbing the inner surface of the hind femora, upon each of which 
there is a series of bead-like prominences (Fig. 92), against the outer 
surface of the fore wings. 
With these insects, there is a 
thickening of the radius in the 
basal third of each fore wing, 
and a widening of the two 
areas between this vein and 
the costal margin of the wing, 

Ri) Way NSLS which serves as a sounding 
ee re pee of Stenobothrus; board (Fig. 93). The two 
wings and femora constitute a 

pair of violin-like organs; the thickened radius in each case cor- 
responding to the strings; the membrane of the wing, to the body 
of the instrument; and the file of the femur, to the bow. These two 
organs are used simultaneously. When about to stridulate, the insect 


Fig. 93.—Fore wing of a male of Stenobothrus. R, radius; Sc, subcosta: 
C, costa. ; 
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places itself in a nearly horizontal position, and raising both hind legs 
at once rasps the femora against the outer surface of the wings. The 

: most common representatives of insects that 
stridulate in this way belong to the genus Steno- 
bothrus. 


The stridulating organs of the Gryllidae and 
the Tettigoniidae——The stridulating organs of 
the Gryllide and the Tettigoniidz are of the same 
type, and are the most highly specialized found in 
the Orthoptera. They consist of modified portions 
of the fore wings; both the vibrating and the rasp- 
ing elements of the organs pertaining to the wings. 


It is by rubbing the two fore wings together 
that sound is produced. 


In what is probably the more generalized con- 
dition of the organs, as seen in Gryllus, each 
fore wing bears a rasping organ, the file (Fig. 
94, f) a hardened area, the scraper (Fig. 94, s), 
against which the file of the other wing acts, and 
vibrating areas, the tympana (Fig. 94, t, t). As 
the file of either wing can be used to set the 
tympana of the wings in vibration, we may say 


Big.o4-- Pete wing of that Gryllus is ambidextrous. 
ryllus; A, as seen : 3 ; 
ee above, that When the cricket wishes to make his call, he 


part of the wing elevates his fore wings so that they make an angle 
which is bent down : 

on the side of the of about forty-five degrees with the body; then 
abdomen is not holding them in such a position that the scraper 
shown; s,scraper;t, 

t, tympana. B, base Of one rests on the file of the other, he moves the 
of wing seen from wings back and forth laterally, so that the file and 
below; s, scraper; : 

f, file. C, filegreat- Scraper rasp upon each other. This throws the 
ly enlarged. Wings into vibration and produces the call. 

It is easy to observe the chirping of crickets. If one will move 
slowly towards a cricket that is making his call, and stop when the 
cricket stops chirping until he gains confidence and begins again, 
one can get sufficiently near to see the operation clearly. This can 
be done either in the day time or at night with the aid of a light. 

The songs of the different genera of crickets can be easily dis- 
tinguished, and that of each species, with more care. Writers on the 
Orthoptera have carefully described the songs of our more common 


crickets, and especially those of the tree crickets. The rate of chirping 
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is often influenced by temperature, being slower in cool nights than 
in warm ones; and becoming slower towards morning if the tem- 
perature falls. 

In certain genera of crickets as Nemobius and Gicanthus, while 
each fore wing is furnished with a file and tympana, the scraper of the 
right wing is poorly formed and evidently not functional. As these 
insects use only the file of the right wing to set the tympana of the 
wings in vibration, they may be said to be right-handed. 


Fig. 95.—Wings of a female nymph of Gicanthus (From Comstock and 
Needham). 


In the Locustide a similar modification of the function of the 
stridulating organs has taken place. In all of our common represen- 
tatives of the family, at least, only one of the files is used. But in 
these cases it is the file of the left wing that is functional; we may say, 
therefore, that so far as observed the Locustide are left-handed. 
Different genera exhibit great differences as to the extent of the reduc- 
tion of the unused parts of the stridulating organs. The file is 
present in both wings of all of the forms that I have studied; but the 
unused file is sometimes in a vestigial condition. The scraper is less 
persistent, being frequently entirely lacking in one of the wings. In 
some cases, the tympana of one wing have been lost; but in others 
the tympana of both wings are well preserved, although only one file 
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is used. In these cases it is probable that the tympana of both wings 
are set in vibration by the action of the single functional file. 

The determination of the homologies of the parts of the wing that 
enter into the composition of the stridulating organs was accomplished 
by a study of the tracheation of the wings of nymphs (Comstock and 
Needham, ’98—’99). The results obtained by a study of the wings of 
CEcanthus will serve as an illustration. 

Figure 95 represents the wings of a female nymph of this genus, 
with the trachee lettered. The only parts to which we need to give 
attention in this discussion are the cubital and anal areas of the fore 
wing; for it is this part of the wing that is modified in the male to 
form the musical organ. Both branches of cubitus are present, and 
Cu bears three accessory branches. The three anal tracheze are 
present and are quite simple. 


Fig. 96.—Fore wing of a male nymph of Gicanthus (From Comstock and 
Needham). 


The homologies of the trachee of the fore wing of a male nymph, 
Figure 96, were easily determined by a comparison with the tracheze 
of the female. The most striking difference between the two sexes 
is a great expanding of the area between the two branches of cubitus 
in the male, brought about by the bending back of the basal part 
of Cup. 

The next step in this study was to compare the wing of an adult 
male, Figure 97, with that of the nymph of the same sex; and the 
solution of the problem was soon reached. It can be easily seen that 
the file is on that part of Cue that is bent back toward the inner mar- 
gin of the wing (Fig. 97, f); the tympana are formed between the 
branches of cubitus (Fig. 97, ¢, t); and the scraper is formed at the 
outer end of the anal area (Fig. 97, s). 
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A similar study was made of the wings of Conocephalus, as an 
example of the Tettigoniide, Figure 98 represents the wings of a 
male nymph; 
and Figure 99 
the fore wing 
of an adult. 
The most 
striking fea- 
ture and one 
characteris - 
tic of the fam- 
ily, is that the 
musical organ 
occupies an 
area near the 


base of the 


Fig. 97.—Fore wing of an adult male of Zcanthus; f, vein wing which is 
bearing the file; s, scraper; ¢, t, tympana. 


small com- 
pared with the area occupied by the musical organs of the Gryllide. 
But here, as in the Gryllide, the file is borne by the basal part of Cu., 


Fig. 98.—Wings of a male nymph of Conocephalus, (From Comstock and 
Needham). 


the tympana are formed between the branches of cubitus, and the 
scraper is formed at the outer end of the anal area. 
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Rasping organs of other than orthopterous insects.—Rasping 
organs are found in many other than orthopterous insects and vary 


yan carne BEER 
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Fig. 99.—Right fore wing of an adult male of Conocephalus, seen 
from below; f, file; s, scraper. 


greatly in form and in their location on the body. Lack of space for- 
bids any attempt to enumerate these variations here; but examples of 
various types of stridulating organs will be described in later chapters 
when treating of the insects that possess them. Asin the Orthoptera, 
they consist ofaraspandascraper. The rasp isa file-like area of the 
surface of a segment of the body or of an appendage; and the scraper 
is a hard ridge or point so situated that it can be drawn across the rasp 
by movements 
of the body or 
of an append- 
age. In some 
cases the ap- 
paratus con- 
sists of two 
rasps so situ- 
ated that they 
can be rubbed 


together. 
Fig. 100.—Stridulating organ of an ant, Myrmica rubra i 
(From Sharp after Janet); d, scraper; e, file. With many 


beetles one of 
the two parts of the stridulating organ is situated upon the elytra; 
and it is quite probable that in these cases the elytra acts as vibrating 
surfaces, as Co the wings of locusts and crickets. But in many 
cases as where a part of a leg is rubbed against a portion of a 
thoracic segment, there appears to be no vibrating surface unless it is 
the wall of the body or of the appendage that acts as a sounding 
board. In the stridulating organ of Myrmica rubra, var. levinodis, 
figured by Janet (Fig. roo), the scraper is the posterior border of 
one abdominal segment, and the file is situated on the dorsum of 
the following segment: It is quite conceivable that in this case 
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the dorsal wall of the segment bearing the file is made to vibrate 
by the successive impacts of the scraper upon the ridges of the 
file. In fact this seems to me more probable than that the 
sound produced is merely that of the scraper striking against the 
successive ridges of the file. There is at least one recorded case 
where the body wall is specialized to act as a sounding board. 
According to Sharp (’95, p. 200), in the males of the Pneumorides, 
a tribe of South African Acridiide, where the phonetic organ is 
situated on the abdomen, this part is inflated and tense, no 
doubt with the result of increasing the volume and quality of the 
sound. 

Ordinarily the stridulating organs of insects are fitted to produce 
notes of a single degree of pitch; but Gahan (’oo) figures those of 
some beetles that are evidently fitted to produce sounds of more than 
one degree of pitch; the file of Hispopria foveicollis, consists of three 
parts, one very finely striated, followed by one in which the striz are 
much coarser, and this in turn followed by one in which the striation 
is intermediate in character between the other two. 

While the stridulating organs of the Orthoptera are possessed 
almost exclusively by the males, in the Coleoptera, very many species 
of which stridulate, the phonetic organs are very commonly possessed 
by both sexes, and serve as a mutual call. In one genus of beetles, 
Phonapate, stridulating organs have been found only in the females 
(Gahan, ’oo). 

It seems evident that in the great majority of cases the sounds 
produced by insects are sexual calls; but this is not always so. It 
was pointed out long ago by Charles Darwin that “‘beetles stridulate 
under various emotions, in the same manner as birds use their voices 
for many purposes besides singing to their mates. The great Chiasog- 
nathus stridulates in anger or defiance; many species do the same from 
distress or fear, if held so that they cannot escape; by striking the 
hollow stems of trees in the Canary Islands, Messrs. Wollaston and 
Crotch were able to discover the presence of beetles belonging to the 
genus Acalles by their stridulation. Lastly the male Aiteuchus 
stridulates to encourage the female in her work and from distress 
when she is removed” (The Descent of Man). 

The most remarkable case where stridulating organs have been 
developed for other than sexual purposes is that of the larve of certain 
Lucanide and Scarabzeidee described by Schiodte (74). In these 
larve there is a file on the coxa of each middle leg, and the hind legs 
are shortened and modified so as to act as scrapers. The most highly 
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specialized example of this type of stridulating organ is possessed by 
the larvee of Passalus, in which the legs of the third pair are so much 
shortened that the 
larve appear to 
have only four legs; 
each hind leg is a 
paw-like structure 
fitted for rasping 
the file (Fig. ror). 


fase) 


These insects 
are social, a pair of 
beetles and their 
progeny living to- 
gether in decaying 
wood. Theadults 
prepare food for the 
larvee; and the col- 
ony is able to keep 
together by stridu- 
latory signals. 


d. THE MUSICAL 


Fig. 101.—Stridulating organ of a larva of Passalus; ORGANS OFACICADA 
a, b, portions of the metathorax; c, coxa of the 2 
second leg; d, file; e, basal part of femur of middle With the cica- 
leg; f, hairs with chitinous process at base of each; r j 
g, the diminutive third leg modified for scratching sleseidnlak: Roe a 
the file (From Sharp). type of stridulating 


organ peculiar to 
them, and one that is the most complicated organ of sound 
found in the animal kingdom. Yet, while the cicadas are the 
most noisy of the insect world, the results obtained by their com- 
plicated musical apparatus are not comparable with those pro- 
duced by the comparatively simple vocal organs of birds and of 
man. 

It is said that in some species of Cicada both sexes stridulate; but 
as a tule the females are mute, possessing only vestiges of the musical 
apparatus. 

The structure of the stridulating organs varies somewhat in 
details in different species of Cicada; but those of Cicada plebera, 
which were described and figured by Carlet (’77), may be taken as an 
example of the more perfect form. In the male of this species there is 
a pair of large plates. on the ventral side of the body, that extend back 
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from the hind border of the thorax and overlap the basal part of the 
abdomen; these are the opercula (Fig. 102, 0). The opercula are 
expansions of the ster- 
nellum of the meta- 
thorax, and each 
serves as a lid covering 
a pair of cavities, con- fi, 
taining the external f:’ 
parts of the musical 'F. 
apparatus of one side 
of the body. 

The two cavities 
covered by a single 
operculum may be de- 


: Fig. 102.—The musical apparatus of a cicada; fm, 
signated as the ventral folded membrane; /, base of leg; /c, lateral cavity; 


aa : m, mirror; 0, operculum, that of the opposite 
cae) (Fig. Oe Ge c.) side removed; sp, spiracle; ¢, timbal; vc, ventral 
and the lateral cavity cavity (After Carlet). 


(Fig. 102, l. c.) respec- 
tively. Each cavity is formed by an infolding of the body-wall. 

In the walls of these cavities are three membranous areas; these 
are known as the timbal, the folded membrane, and the mzrror. 

The timbal is in the lateral cavity on the lateral wall of the parti- 
tion separating the two cavities (Fig. 102, t); the other two mem- 
branes are in the ventral cavity. The folded membrane is in the 
anterior wall of the ventral cavity (Fig. 102, f. m.); and the mirror 
is in the posterior wall of the same cavity (Fig. 102, m). Within the 
body, there is in the region of the musical apparatus a large thoraco- 
abdominal air chamber, which communicates with the exterior 
through a pair of spiracles (Fig. 102 sp); and a large muscle, which 
extends from the furca of the second abdominal segment to the inner 
face of the timbal. 

By the contraction of this muscle the timbal is pulled towards the 
center of the body; and when the muscle is relaxed, the elasticity of 
the chitinous ring supporting the timbal causes it to regain its former 
position. By a very rapid repetition of these movements of the timbal 
the sound is produced. 

It is probable that the vibrations of the timbal are transmitted to 
the folded membrane and to the mirror by the air contained in the 
large air chamber mentioned above; as the strings of a piano are 
made to vibrate by the notes of a near-by violin. The sound, how- 
ever, is produced primarily by the timbal, the destruction of which 
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renders the insect a mute; while the destruction of the other mem- 
branes, the timbal remaining intact, simply reduces the sound. 

The chief function of the opercula is doubtless the protecting of 
the delicate parts of the musical organ; but as they can be lifted 
slightly and as the abdomen can be moved away from them to some 
extent, the chambers containing the vibrating parts of the organ can 
be opened and closed, thus giving a rhythmic increase and decrease of 
the loudness of the call. 


@. THE SPIRACULAR MUSICAL ORGANS 


There has been much discussion of the question whether insects, 
and especially Diptera and Hymenoptera, possess a sound-producing 
organ connected with the spiracles or not. Landois (’67) believed 
that he found such an organ and figures and describes it in several 
insects. It varies greatly in form in different insects. Inthe Diptera 
it consists of a series of leaf-like folds of the intima of the trachea; 
these are held against each other by a special humming ring, which 
lies close under the opening of the spiracle; and is found within two 
or all four of the thoracic spiracles. These membranous folds of the 
intima are set in vibration by the rush of air through the spiracles. 

In the May-beetle, according to Landois, a buzzing organ is found 
near each of the fourteen abdominal spiracles. It is a tongue-like 
fold projecting into the lumen of the trachea under the base of the 
closing apparatus. On its upper surface it is marked with very fine 
arched furrows. He concludes that this tongue is put in vibration by 
the breathing of the insect, and hence the buzzing of the flying beetle. 

If insects produce sounds in the way described by Landois, they 
have a voice quite analogous to our own. But the validity of the 
conclusions of Landois has been seriously questioned; the subject, 
therefore, demands further investigation. See also Duncan (’24). 


bf: THE ACUTE BUZZING OF FLIES AND BEES 


Many observers have found that when the wings of a fly or of a bee 
are removed or held so that they can not vibrate the insect can still 
produce a sound. The sound produced under these circumstances is 
higher, usually an octave higher, than that produced by the wings. 
It is evident, therefore, that these insects can produce sounds in two 
ways; and an extended search has been made for the organ or organs 
producing the higher note. 


92 AN INTRODUCTION TO ENTOMOLOGY 


Landois believed that the spiracular organs referred to above were 
the source of the acute sound. But more recently Pérez (’78) and 
Bellesme (’78) have shown that when the spiracles are closed artifi- 
cially the insect can still produce the high tone. Pérez attributes the 
sound to the vibrations of the stumps of the wings against the solid 
parts which surround them or of the sclerites of the base of the wing 
against each other. But Bellesme maintains that the sound is pro- 
duced by changes in the form of the thorax due to the action of the 
wing-muscles.* When the wing-muscles are at rest the section of this 
region, according to this writer, represent an ellipse elongated ver- 
tically; the contraction of the muscles transforms it to an ellipse 
elongated laterally; the thorax, therefore, constitutes a vibrating 
body which moves the air like a tine of a tuning fork. Bellesme 
states that by fastening a style to the dorsal wall of the thorax he 
obtained a record of the rate of its vibrations, the number of which 
corresponded exactly to that required to produce the acute sound 
which the ear perceives. 

The fact that the note produced when the wings are removed is 
higher than that produced by the wings is supposed by Bellesme to be 
due to the absence of the resistance of air against the wings, which 
admits of the maximum rate of contraction of the wing-muscles. 


£. MUSICAL NOTATION OF THE SONGS OF INSECTS 


Mr. S. H. Scudder (’93) devised a musical notation by which the 
songs of stridulating insects can be recorded. As the notes are always 
at one pitch the staff in this notation consists of a single horizontal 
line, the pitch being indicated by a separate statement. Each bar 
represents a second of time, and is occupied by the equivalent of a 
semibreve; consequently a quarter note ?, ora quarter rest “|, repre- 
sents a quarter of a second; a sixteenth note es or a sixteenth rest 4 
a sixteenth of a second and so on. For convenience’s sake he intro- 
duced a new form of rest, shown in the second example given below, 
which indicates silence through the remainder of a measure; this 
differs from the whole rest commonly employed in musical notation 
by being cut off obliquely at one end. 


*This view was maintained by Siebold at a much earlier date in his Anatomy 
of the Invertebrates. 
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The following examples taken from his paper on ‘The Songs of 
our Grasshoppers and Crickets” will serve to illustrate this method 
of notation. 

The chirp of Gryllotalpa borealis (Fig. 103) “is a guttural sort of 
sound, like gri or grééu, repeated in a trill indefinitely, but seldom 


ager 


PPP PLL LL OP 


— gra pera ecclm 


gt et 
oarreererts Sit be rarer 


Fig. 103.—The chirp of Gryllotalpa borealis (From Scudder). 


for more than two or three minutes, and often for less time. It is 
pitched at two octaves above middle C.” 


xr! 
es 


Ta Na eee Aa a a 


Fig. 104.—The chirp of the katydid (From Scudder). 


The note of the true katydid, Cyrtophyllus concavus, (Fig. 104) 
*‘which sounds like xr, has a shocking lack of melody; the poets who 
have sung its praises must have heard it at a distance that lends 
enchantment.” ‘‘They ordinarily call ‘Katy’ or say ‘She did’ rather 
than ‘Katy did’; that is they rasp their fore wings twice more fre- 
quently than thrice.” Mr. Scudder in his account of this song fails 
to indicate its pitch. 


h. INSECT CHORUSES 


Most insect singers are soloists, singing without reference to other 
singers or in rivalry with them. But there are a few species the 
members of which sing in unison with others of their kind that are 
near them. The most familiar sound of autumn evenings in rural 
places in this country is a chorus of the snowy tree cricket, Gicanthus 
niveus. Very many individuals of this species, in fact all that are 
chirping in any locality, chirp in unison. Early in the evening, when 
the chirping first begins, there may be a lack of unanimity in keeping 
time; but this lasts only for a short period, soon all chirp in unison, 
and the monotonous beat of their call is kept up uninterrupted 
throughout the night. Individual singers will stop to rest, but when 
they start again they keep time with those that have continued the 
chorus. 

Other instances of insect choruses have been recorded. Sharp 
(’99, 156) quotes accounts of two produced by ants; one of these is 
given on an earlier page (p. 80). 


CHAPTER III 


THE INTERNAL ANATOMY OF INSECTS 


BrrorE making a more detailed study of the internal anatomy of 
insects, it is well to take a glance at the relative positions of the differ- 
ent systems of organs within the body of insects and other arthropods. 

One of the most striking features in the structure of these animals 
is that the body-wall serves as a skeleton, being hard, and giving sup- 
port to the other organs of the body. This skeleton may be repre- 
sented, therefore, as a hollow cylinder. We have now to consider the 
arrangement and the general form of the organs contained in this 
cylinder. 

The accompanying diagram (Fig. 105), which represents a vertical, 
longitudinal section of the body, will enable the student to gain an 


Fig. 105.—Diagram showing the relations of the internal organs; 
a, alimentary canal; h, heart; m, muscle; m, nervous system; 
r, reproductive organs. 


idea of the relative positions of some of the more important organs. 
The parts shown in the diagram are as follows: The body-wall, or 
skeleton; this is made up of a series of overlapping segments; that 
part of it between the segments is not hardened with chitin, thus 
remaining flexible and allowing for the movements of the body. Just 
within the body-wall, and attached to it, are represented a few of the 
muscles (m); it will be seen that these muscles are so arranged that the 
contraction of those on the lower side of the body would bend it down, 
while the contraction of those on the opposite side would act in the 
opposite direction, other muscles not shown in the figure provide 
for movements in other directions. The alimentary canal (a) occupies 
the centre of the body, and extends from one end to the other. The 
heart (1) is a tube open at both ends, and lying between the alimentary 
canal and the muscles of the back. The central part of the nervous 
system (7) is a series of small masses of nervous matter connected by 
(94) 
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two longitudinal cords: one of these masses, the brain, lies in the 
head above the alimentary canal; the others are situated, one in each 
segment, between the alimentary canal and the layer of muscles of the 
ventral side of the body; the two cords connecting these masses, or 
ganglia, pass one on each side of the oesophagus to the brain. The 
reproductive organs (r) lie in the cavity of the abdomen and open near 
the caudal end of the body. The respiratory organs are omitted from 
this diagram for the sake of simplicity. We will now pass to a more 
detailed study of the different systems of organs. 


I. THE HYPODERMAL STRUCTURES 


The active living part of the body-wall is the hypodermis, already 
described in the discussion of the external anatomy of insects. In 
addition to the external skeleton, there are derived from the hypo- 
dermis an internal skeleton and several types of glands. 


a, THE INTERNAL SKELETON 


Although the skeleton of an insect is chiefly an external one, there 
are prolongations of it extending into the body-cavity. These 
inwardly directed processes, which serve for the attachment of 
muscles and for the support of other viscera are termed collectively 
the tnternal skeleton or endo-skeleton. ‘The internal skeleton is much 
more highly developed in adult insects than it is in the immature 
instars. 

Sources of the internal skeleton.—The parts of the internal skele- 
ton are formed in two ways: first by the chitinization of tendons of 
muscles; and second, by invaginations of the body-wall. 

Chitinized tendons.—Chitinized tendons of the muscles that move 
the mouth-parts, of muscles that move the legs, and of other muscles 
are of frequent occurrence. As these chitinized tendons help support 
the internal organs they are considered as a part of the internal 
skeleton. 

Invaginations of the body-wall or apodemes.—The second and more 
important source of the parts of the internal skeleton consists of 
invaginations of the body-wall. Such an invagination is termed an 
apodeme. ‘The more important apodemes, if not all, arise as invagina- 
tions of the body-wall between sclerites or at the edge of a sclerite on 
the margin of a body-segment; although by the fusion of sclerites 
about an apodeme, it may appear to arise from the disc of a sclerite. 
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Frequently, in the more generalized insects, the mouth of an apodeme 
remains open in the adult insects. In Figure 106 are represented two 
apodemes that exist in the thorax of a 
locust, Melanoplus. Each of these (ap 
and ap) is an invagination of the body- 
wall, between the episternum and the 
epimeron of a segment, immediately 
above the base of aleg. These are known 
as the lateral apodemes of the thorax and 
serve as points of attachment of muscles. __ 

The number of apodemes may be very * "83... eres Teta coe 
large, and it varies greatly in different and metathorax of Melano- 
: : plus, showing the lateral 
insects. Among the more important apo- apodemes, ap, ap. 
demes are the following :— 

The tentorium.—The chief part of the internal skeleton of the 
head is termed the tentor1um. This was studied by Comstock 
and Kochi (02). We found that in the generalized insects studied 
by us it is composed of two or three pairs of apodemes that, extend- 
ing far into the head, meet and coalesce. The three pairs of 
apodemes that may enter into the formation of the tentorium 
were termed the anterior, the posterior, and the dorsal arms of the 
tentortum respectively. The coalesced and more or less expanded 
tips of these apodemes constitute the body of the tentorium. From 
the body of the tentorium there extend a variable number of processes 
or chitinized tendons. 

The posterior arms of the tentori'um—The posterior arms of the 
tentorium (Fig. 107, 109, 110, pt) are the lateral apodemes of the 


Fig. 107.— Tentorium Fig. 108.—Part of the 
of a cockroach, dor- tentorium of a cric- 
sal aspect. ket, ventral aspect. 


maxillary segment. In many Orthoptera the open mouth of the 
apodeme can be seen on the lateral aspect of the head, just above the 
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articulation of the maxilla (Fig. 48). In the Acridiide (Fig. 109) 
these apodemes bear a striking resemblance to the lateral apodemes 
of the thorax (Fig. 106), except that the ventral process of the maxil- 
lary apodeme is much more prominent, and the two from the opposite 
sides of the head meet and coalesce, thus forming 
the caudal part of the body of the tentorium. 

The anterior arms of the tentori'um.—Each anterior 
arm of the tentorium (Fig.:107, 108, 110, at) is an 
invagination of the body-wall which opens on the 
margin of the antecoxal piece of the mandible 
when it is distinct; if this part is not distinct the 
apodeme opens between the clypeus and the front 

Fig. 109.—Head of (Fig. 46, at). 
Melano plus, cau- The dorsal arms of the tentorium.—Each dorsal 
coke aah arm of the tentorium arises from the side of the 
body of the tentortum between the anterior and posterior arms 
and extends either to the front or to the margin of the antennal 
sclerite (Fig. 107, 108, 110, d?). 

The frontal plate of the tentorium.—In the cockroaches the anterior 
arms of the tentorium meet and fuse, forming a broad plate situated 
between the crura cerebri and the mouth; this plate was termed by 
us the frontal plate of the tentorium (Fig. 107, fp). On each side, an 
extension of this plate connects it with the body of the tentorium; 
these enclose a circular opening through which pass 
the crura cerebri. 

Other cervical apodemes and some chitinized 
tendons are described in the paper cited above. 

The endothorax.—The internal skeleton of the 
thorax is commonly termed the endothorax; under 
this head are not included the internal processes of 
the appendages. 

The endothorax is composed of invaginations of Pig. 110:—Ten- 
each of the sections of a thoracic ring. Those por-  torium of Mela- 

i ; . noplus, cephalic 
tions that are derived from tergites are termed aspect! Thedistal 
phragmas; those derived from the pleurites, lateral end of the dorsal 

: arms detached. 
apodemes; and those, from the sternites, furce. 

The phragmas.—A phragma is a transverse partition extending 
entad from the front or the hind margin of a tergite; three of them 
are commonly recognized; these were designated by Kirby and 
Spence (1826) the prophragma, the mesophragma, and the meta- 
phragma; but, as they do not arise one from each segment of the 
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thorax, and arise differently in different insects, these terms are mis- 
leading. No phragma is borne by the prothorax; the mesothorax 
may bear two and the metathorax one, or the mesothorax one and the 
metathorax two. A more definite 
terminology is that used by Snod- 
grass (09) by which the anterior 
phragma of any segment is termed 
the prephragma of that segment, 
and the posterior phragma of any 
segment is termed the postphragma 


Fig. 111.—Ventral aspect of the of that segment. 


metathorax of Stenopelmatus. aie: s 
hel position or athe! farca The lateral apodemes. Each lat 
within the body is represented eral apodeme is an invagination of 


Bye dotted Tae. the body-wall between the epister- 
num and the epimeron. The lateral apodemes are referred to above 
(Fig. 106). 


The furce.—Each furca is an invagination of the body-wall arising 
between the sternum and the sternellum (Fig. 111); when the sternel- 
lum is obsolete, as it is in most insects, the furca arises at the caudal 
margin of the segment (Fig. 112). 


b. THE HYPODERMAL GLANDS 


A gland is an organ that possesses the function of either trans- 
forming nutritive substances, which it derives from the blood, into 
some useful substance, as mucus, wax, of venom, or of assimilating 
and removing from the body waste 
material. 

The different glands vary greatly in 
structure; many are unicellular, the 
gland consisting of a single cell, which 
differs from the other cells of the epithe- 
lium of which it is a part in being larger 
and in possessing the secreting and ex- 
creting functions; others are multicel- 
lular, consisting of more than one cell, Fig. 112.—Ventralaspectof the 
usually of many cells. In these cases Cee rae 
the glandular area usually becomes  furce within the body are 
invaginated, and provided with an aici Ds Cle ateel ake 
efferent duct; and often the invagination is much branched. 

The glands found in the body of an insect can be grouped under 
three heads; the hypodermal glands, the glands of the alimentary 
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canal, and the glands of the reproductive organs. In this place 
reference is made only to the hypodermal glands, those developed 
from the hypodermis. 
a, The Molting-fluid glands.—Under this 
ah by head are classed those unicellular, hypo- 
dermal glands that secrete a fluid that 
facilitates the process of molting, as des- 
cribed in the next chapter (Fig. 113). 
While molting-fluid glands are very 
numerous and conspicuous in certain 
insects, those living freely exposed where 
there exists the greatest liability to rapid 
Fig. 113.—Molting-fluidglands desiccation, Tower (’06) states that he 
ot ihe jst Jarvalinctas of has never found these glands in Taeve 
b:fore pupation; Je, larval that live in burrows, or in the soil, or in 
epidermis; /d, larval dermis; ¢eljs- in these cases the molting fluid is 
mf, molting fluid; pe, forming : 
pupal epidermis; h, hypoder- apparently secreted by the entire hypo- 
mis; g, molting fluid gland germal layer. 


(After Tower). : 

Glands connected with setea.—There 
are in insects several kinds of glands in which the outlet of the gland 
is through the lumen of a seta. The function of the excretions of 
these glands is various as indicated 
below. There are also differences in 
the manner of issuance of the excre- 
tion from the seta. In some cases, as 
in the tenent hairs on the feet of certain 
insects, the excretion can be seen to 
issue through a pore at the tip of the 
seta. In some kinds of venomous sete 
the tip of the seta breaks off in the 
wound made by it and thus sets free 
the venom. But in most cases the 
manner of issuance has not been deter- 
mined, although it iscommonly believed 
to be by means of a minute pore or 
pores in the seta, the thickness of the 
wall of the seta making it improbable 
that the excretion passes from the seta sehan enter npc saree 
by osmosis. c, cuticula; h, hypodermis; bm, 

The structure of a glandular seta basement membrane; tr, tricho- 
is illustrated by Figure 114; the gen; g, gland (After Holmgren). 
essential difference between such a seta and an ordinary one, that isa 


100 AN INTRODUCTION TO ENTOMOLOGY 


clothing hair, is tlat there is connected with it, in addition to the 
trichogen cell which produced it, the gland cell which opens through it. 

In most of the published figures of glandular setee there is no indi- 
cation that these organs are supplied with nerves; but in some cases 
a nerve extending to the gland cell is clearly shown. This condition 
may be found to be general when more extended investigations of 
glandular cells have been made. The best known kinds of glandular 
setze are the following: 

Venomous sete and spines.—These are best known in larve of 
Lepidoptera, several common species of which possess stinging hairs; 
among these are Lagoa crispata, Sibine stimulea, Automeris to, and 
the brown-tail moth, Euproctis chrysorrhea. 

Androconia.—The term androcdnia* is applied to some peculiarly 
modified scales on the wings of certain male butterflies. These are 
the outlets of glands, which secrete a fluid with an agreeable odor; 
the supposed function of which is to attract the opposite sex, like the 
beautiful plumage and songs of male birds. The androconia differ 
marvelously from ordinary scales in the 
variety of their forms (Fig. 115). They 
usually occur in patches on the upper sur- 
face of the fore wings; and are usually 
concealed by other scales; but they are 
scattered in some butterflies. The most 
familiar examples of grouped androconia 
are those that occur in the discal stigma of 
the hair-streaks, in the brand of certain 
skippers and in the costal fold of others, 
and in the scent-pouch of the male of the 
monarch butterfly 

The specific scent-glands of females.— 
The well-known fact that if an unfertilized 
female moth be confined in a cage or 

otherwise in the open many males of the 
Fig. 115.—Androconia from the same speciesas the female will be attracted 
wingsof male butterflies (After 5 R s 
Kellogg). to it, andsometimes evidently from a great 
distance, leads to the conclusion that there 
must emanate from the female a specific odor. The special glands 
producing this odor have not been recognized. 

Tenent hairs—In many insects the pulvilli or the empodia are 

clothed with numerous hairs that are the outlets of glands which 


*Androconia: andro- (avip, avdpss), male; conia (xovla), dust. 
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secrete an adhesive fluid; this enables the insect to walk on the lower 
surface of objects (Fig. 116). 


epic n : 


Fig. 116.—A, terminal part of a tenent hair from Eupolus, showing canal in the 
hair and opening near the tip; B, cross-section through a tarsal segment of 
Telephorus; c, cuticula; g, gland of tenent hair; h, h, tactile hairs; hy, hypo- 
dermis; , nerve; s, sense-cell of tactile hair; ¢, t, tenent hairs (After Dewitz). 


The osmeteria.—In many insects there are hypodermal glands that 
open into sac-like invaginations of the body-wall which can be 
evaginated when the insect wishes to make use of the secretion pro- 
duced by these glands; such an organ i8 termed an osmetertum. The 
invagination of the osmeterium admits of an accumulation of the 
products of the gland within the cavity of the sac thus formed; when 
the osmeterium is evaginated the secretion becomes exposed to the air, 
being then on, the outside of the osmeterium, and rapid diffusion of 
the secretion results. 

The most familiar examples of osmeteria are those of the larve 
of the swallow-tailed butterflies, which are forked, and are thrust out 
from the upper part of the prothorax when the caterpillar is disturbed, 
and which 
diffuse a dis- 
: agreeable odor 
if a (Fig. £17)? 
ot They are ob- 
viously organs 
of defense. 

Osmeteria 
are present in the larve of certain blue butterflies, Lyczenide. ‘These 
are in the seventh and eighth abdominal segments, and secrete a 
honey-dew, which attracts ants that attend and probably protect 
the larve. The osmeteria of many other caterpillars have been 
described. 


Fig. 117 —Larva of Papilio thoas; 0, osmeterium expanded. 
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Glands opening on the surface of the body.—There are several 
kinds of hypodermal glands, differing widely in function, that open 
on the surface of the body; among the best known of these are the 
following: 

Wax-glands —The worker honeybee has four pairs of wax-glands; 
these are situated on the ventral wall of the second, third, fourth, and 
fifth abdominal segments, and on that part of the segment which is 
overlapped by the preceding segment; each gland is simply a disc- 
like area of the hypodermis 
(Hig. 418):- The* cuticle 
covering each gland is 
smooth and delicate, and is 
known as a wax plate. 
The wax exudes through 
these plates and accumu- 
lates, forming little scales, 


which are used in making 


Fig. 118.—Wax-plates of the honeybee the honey-comb. 
(After Cheshire). 


Wax-glands exist in 
many of the Homoptera. In some of these the unicellular wax- 
glands are distributed nearly all over the body; and the product 
of these glands forms, in some, a powdery covering; in others, 
a clothing of threads; and in still others a series of plates (Fig. 119). 
Certain coccids excrete wax in con- 
siderable quantities. China wax, which 
was formerly an article of commerce, 
is the excretion of a coccid known as 
Pe-la (Ericerus Pe-la). 

Froth-glands of spittle-insects —In 
the spittle-insects (Cercopide) there 
are large hypodermal glands in the 
pleuralregions of theseventhand eighth 
abdominal segments, which open 
through numerous minute pores in the 
cuticula. These glands secrete a muci- 
laginous substance, which is mixed with 
a fluid excreted from the anus, andthus Fig. 119.—Orthesia, greatly en- 
fits it for the retention cf bubbles of air _—_‘Jarged. 
included in it by means of abdominal appendages (Guilbeau ’o8). 

Stink-glands.—Glands that secrete a liquid having a fetid odor and 
that are doubtless defensive exist in many insects. In the stink-bugs 
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(Pentatomide ) the fluid is excreted through two openings, one on each 
side of the lower side of the body near the middle coxe; in the bed- 
bug (Cimex ), the stink-glands open in the dorsal wall of the first three 
abdominal segments; in Dytiscus, the glands open on the prothorax ; 
and in certain Coleoptera they open near the caudal end of the body. 
These are merely a few examples of the many glands of this type that 
are known. 

The cephalic silk-glands—tIn the Lepidoptera, Trichoptera, and 
Hymenoptera, there is a pair of glands that secrete silk, and which 
open through the lower lip. These glands are designated as the 
cephalic silk-glands to distinguish them from the silk-glands of certain 
Neuroptera and Coleoptera in which the silk is produced by modified 
Malpighian vessels and is spun from the anus. 

The cephalic silk-glands are elongate and coiled; they often 
extend nearly the whole length of the body; the two ducts unite and 
the single terminal duct opens through the lower lip, and is not 
connected with the mouth cavity. These glands are a pair of 
salivary glands which have 
been transformed into silk 
organs. According to Carriere 


ae 


€((( (Terence: 


{rere 


% 
I) 


Fig. 120.—The salivary glands Fig. 121.—The man- 
of the honeybee (After dibular gland of a 
Cheshire). honeybee. 


and Burger (97), who studied their development in the embryo 
of a bee, they are developed from the rudiments of the spiracles 
of the first thoracic segment. In the later development they move 
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cephalad and the paired openings become a single one. This is the 
reason that in the adult there are no spiracles in the prothorax. 


The Salivary glands.—The term salivary glands is a general one, 
applied to various glands opening in the vicinity of the mouth. The 
number of these varies greatly in different insects; the maximum 
number is found in the Hymenoptera. In the adult worker honey- 
bee, for example, there are four pairs of glands opening into the 
mouth; three of these are represented in Figure 120 and the fourth 
in Figure 121. These are designated as the supracerebral glands 
(Fig. 120, 1), the postcerebral glands (Fig. 120, 2), the thoracic 
glands (Fig. 120, 3), and the mandibulary glands (Fig. 121), 
respectively. 


II. THE MUSCLES 


There exist in insects a wonderfully large number of muscles; 
some of these move the segments of the body, others move the appen- 
dages of the body, and still others are found in the viscera. Those 
of the viscera are described later in the accounts of the organs in 
which they occur. 

The muscles that move the segments of the body form several 
layers just within the body-wall, to which they are attached. The 
inner layer of these is well shown in Figure 122, which is a copy of 
one of the plates in the great work by Lyonet (1762) on the anatomy 
of a caterpillar, Cossus ligniperda. The two figures on this plate 
represent two larvee which have been split open lengthwise, one on the 
middle line of the back (Fig. 5), and one on the middle line of the 
ventral surface (Fig. 4); in each case the alimentary canal has been 
removed, so that only those organs that are attached quite closely to 
the body-wall are left. The bands of parallel fibers are the muscles 
that move the segments. It should be borne in mind, however, that 
only a single layer of muscles is represented in these figures, the layer 
that would be seen if a caterpillar were opened in the way indicated. 
When these muscles are cut away many other muscles are found 
extending obliquely in various directions between these muscles and 
the body-wall. 

In the head and thorax of adult insects the arrangement of the 
muscles is even more complicated; for here the muscles that move the 
appendages add to the complexity of the muscular system. 

As a rule, the muscles of insects are composed of many distinct 
fibers, which are not enclosed in tendinous sheaths as with Verte- 
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Fig. 122.—Internal anatomy of a caterpillar, Cossus ligniperda; 1, principal 
longitudinal trache; 2, central nervous system; 3, aorta; 4, longitudinal 
dorsal muscles; 5, longtiudinal ventral muscles; 6, wings of the heart; 7, 
tracheal trunks arising near the spiracles; 8, reproductive organs; 9, vertical 
muscles; 10, last abdominal ganglion (From Lyonet). 
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brates. But the muscles that move the appendages of the body 
are furnished with a tendon at the end farthest from the body 
(Fig. 123). 

The muscles of in- 
sects appear very differ- 
EG. ently from those of Ver- 

Ble tebrates. In insects, the 

Fig. 123A leg of a May-beetle (After Straus- muscles are either color- 

Durckheim). less and transparent, or 

yellowish white; and they are soft, almost of a gelatinous consistency ; 

notwithstanding this they are very efficient. The fibers of insect 
muscles are usually, if not always, of the striated type. 

Much has been written regarding the muscular power of insects, 
which has been supposed to be extraordinarily great; the power of 
leaping possessed by many and the great loads, compared to the 
weight of the body of the insect, that insects have drawn when 
harnessed to them by experimenters, have been cited as illustrating 
this. But it has been pointed out that these conclusions are not 
warranted; that the comparative contractile force of muscles of the 
same kind depends on the number and thickness of the fibers, that is, 
on the comparative areas of the cross-sections of the muscles com- 
pared; that this sectional area increases as the square of any linear 
dimension, while the weight of similar bodies increases as the cube of 
any linear dimension; and consequently, that the muscles of the legs 
of an insect one fourth inch long and supporting a load 399 times its 
own weight, would be subjected to the same stress, per square inch of 
cross-section, as they would be in an insect 100 inches long of precisely 
similar shape, that carried only its own weight. We thus see that it is 
the small size of insects rather than an unusual strength of their 
muscles, that makes possible the apparently marvelous exhibitions of 
muscular power. 

Detailed accounts of the arrangement of the muscles in particular 
insects have been published by various writers: among the more 
important of these monographs are the following: Lyonet (1762), 
on the larva of a cossid moth; Straus-Durckheim (1828), on a May- 
beetle; Newport (1839), on the larva of a Sphinx moth; Lubbock 
(1858), on the larva Pygaera bucephala; Berlese (’oga), on several 
insects; and Forbes (’14) on caterpillars. 


THE INTERNAL ANATOMY OF INSECTS 107 


Ill. THE ALIMENTARY CANAL AND ITS APPENDAGES 


a THE MORE GENERAL FEATURES 


The alimentary canal isa tube extending from one end of the body 
to the other. In some larvae, its length is about the same as that of 
the body; in this case it extends in a nearly straight line, occupying 


RQ, 
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Fig. 124.—Internal anatomy of a cockroach, Pertplaneta ortentalis ; a, aniennes 
by, b2, 63, first, second, and third legs; ¢, cerci: d, ventricular spelt ie 
salivary duct; f, salivary bladder; g, gizzard or proventriculus; h, hepatic 
ceeca; 7, mid-intestine; j, Malpighian vessels; k, small intestine; l, large 
intestine: m, rectum; , first abdominal ganglion; 0, ovary; p, sebaceous 
glands (From Rolleston). 


108 AN INTRODUCTION TO ENTOMOLOGY 


the longitudinal axis of the body, as is represented in the diagram 
given above (Fig. 105). In most insects, however, it is longer than 
the body, and is consequently more or less convoluted (Fig. 124); 
great variations exist in the length of the alimentary canal as com- 
pared to the length of the body; it is longer in herbivorous insects 
than it is in those that are carnivorous. 


The principal divisions.—Three chief divisions of the alimentary 
canal are recognized; these are termed the fore-intestine, the mid- 
intestine, and the hind-intestine, respectively. In the embryological 
development of the alimentary canal, the fore-intestine and the hind- 
intestine each arises as an invagination of the ectoderm, the germ 
layer from which the hypodermis of the body-wall is derived (p. 29). 
The invagination at the anterior end of the body, which develops 
into the fore-intestine, is termed the stomodeum; that at the posterior 
end, which develops into the hind-intestine, the proctodeum. Between 
these two deep invaginations of the outer germ layer of the embryo, 
the stomodeum and the proctodeum, and ultimately connecting 
them, there is developed an entodermal tube, the mesénteron, which 
becomes the mid-intestine. 

These embryological facts are briefly stated here merely to 
elucidate two important features of the alimentary canal: first, the 
fore-intestine and the hind-intestine are invaginations of the body 
wall and consequently resemble it in structure, the chitinous lining of 
these two parts of the alimentary canal is directly continuous with 
the cuticula of the body wall, and the epithelium of these two parts 
and the hypodermis are also directly continuous; and second, the 
striking differences, pointed out later, in the structure of the mid- 
intestine from that of the fore- and hind-intestines are not surprising 
when the differences in origin are considered. 


Imperforate intestines in the larve of certain insects.—In thelarve 
of certain insects the lumen of the alimentary canal is not a continuous 
passage; in these larve, while food passes freely from the fore- 
intestine to the mid-intestine, there is no passage of the waste from 
the mid-intestine to the hind-intestine; there being a constriction at 
the point where the mid-intestine and hind-intestine join, which 
closes the passage during a part or the whole of the larval life. This 
condition has been observed in the following families :— 

(a) Hymenoptera.—Proctotrypide (in the first larval instar), 
Ichneumonide, Formicide, Vespide, and Apide. 

(b) Diptera.—Hippoboscide. 
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(c) N: europtera.—Myrmeleonide, Osmylide, Sisyride, 
Chrysopide. In these families the larve spin silk from the anus. 


(d) Coleoptera——In the Campodeiform larve of Stylopide and 
Meloide. 


and 


b. THE FORE-INTESTINE 

The layers of the fore-intestine.—The following layers have been 
recognized in the fore-intestine: 

The intima.—This is a chitinous layer which lines the cavity of 
the fore-intestine; it is directly continuous with the cuticula of the 
body-wall; and is molted with the cuticula when this is molted. 

The epithelium.—This is a cell layer which is continuous with the 
hypodermis; it is sometimes quite delicate so that it is difficult to 
demonstrate it. 

The basement membrane.—Like the hypodermis the epithelium is 
bounded on one side by a chitinous layer and on the other by a base- 
ment membrane. 

The longitudinal muscles —Next to the basement membrane there 
is a layer of longitudinal muscles. 

The circular muscles —Out- 
side of the longitudinal muscles 
there is a layer of circular 
muscles. 

The peritoneal membrane.— 
Surrounding the alimentary 
canal there is a coat of con- 
nective tissue, which is termed 
the peritoneal membrane. This 
is one of a few places in which 
connective tissue, so abundant 
in Vertebrates, is found in in- 
sects. 

The regions of the fore- 
intestine.—Several distinct reg- 
ions of the fore-intestine are 


Fig. 125.—Longitudinal section through 
the head of Anosa plexippus, showing 


the interior of the left half; mx, left 
maxilla, the canalof which leadsinto the 
pharynx; ph, pharynx; 0, oesophagus; 
m, m, muscles of the pharynx; sd, 
salivary duct (After Burges). 


recognized; but the extent of 
these regions differ greatly in» 
different insects. 

The pharynx.—The pharynx 
is not a well-defined region of the 


intestine; the term pharynx is commonly applied to a region between 
the mouth and the cesophagus; in mandibulate insects the pharynx 
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is not distinct from the mouth-cavity; but in sucking insects the 
pharynx is a highly specialized organ, being greatly enlarged, muscu- 
lar, and attached to the wall of the head by muscles. It is the pump- 


ing organ by which the liquid food is drawn into the alimentary canal. 
The pharnyx of the milkweed butterfly (Fig. 125) is a good example 


of this type of pharynx. 

The w@sophagus—The  ceso- 
phagus is a simple tube which 
traverses the caudal part of the 
head and the cephalic part of the 
thorax. There are variations in 
the application of the term 
cesophagus depending on the 
presence or absence of a crop 
and of a proventriculus, which 
are modified portions of the 
oesophagus; when either or both 
of these are present, the term 
oesophagus is commonly restricted 
to the unmodified part of the 
fore-intestine. 

The crop.—In many insects a 
portion of the cesophagus is dilated 
and serves as a reservoir of food; 
this expanded part, when present, 
is termed the crop. In the cock- 
roach (Fig. 124) it is very large, 
comprising the greater part of the 
fore-intestine; in the ground-beetle 
Carabus (Fig. 126, c), it is much 
more restricted; this is the case 
also in the honeybee, where it is 
a nearly spherical sac in which 
the nectar is stored as it is col- 
lected from flowers and carried to 
the hive. In some insects the 
crop is a lateral dilatation of the 
cesophagus, and in some of these 
it is stalked. 


Fig. 126.—Alimentary canal of Carabus 
auratus; h, head; oe, cesophagus; c, 
crop; pv, proventriculus; mi, mid- 
intestine covered with villiform gastric 
cceca; mv, Malpighian vessels; hi, part 
of hind-intestine; r, rectum; ag, anal 
glands; mr, muscular reservoir (After 
Dufour). 


The proventriculus—In certain insects that feed on hard sub- 
stances, the terminal portion of the fore-intestine, that part im- 
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mediately in front of the mid-intestine or ventriculus, is a highly 
specialized organ in which the food is prepared for entrance into 


Fig. 127.—Cross-section of the 
proventriculus of a larva of 
Corydalus. 


the more delicate ventriculus; such an 
organ is termed the proventriculus (Fig. 
126, pv). The characteristic features 
of a proventriculus are a remarkable 
development of the chitinous intima 
into folds and teeth and a great in- 
crease in the size of the muscles of this 
region. The details of the structure 
of this organ vary greatly in different 
insects; a cross-section of the proven- 
triculus of the larva of Corydalus (Fig. 
127) will serve to illustrate its form. 
In the proventriculus, the food is both 


masticated and more thoroughly 
mixed with the digestive fluids. 

The esophageal valve —When the 
fore-intestine projects into the mid- 
intestine, as shown in Figure 128, 
the folded end of the fore-intestine 
is termed the esophageal valve. 


Cc. THE MID-INTESTINE 


The mid-intestine is the inter- 
mediate of the three principal 
divisions of the alimentary canal, 
which are distinguished by differ- 
ences in their embryological origins, 
as stated above. The mid-intestine 
is termed by different writers the 
mesénteron, the stomach, the chylific 
ventricle, the chylestomach, and the 
ventriculus. 

The layers of the mid-intestine — 
The structure of the mid-intestine 
differs markedly from that of the 
fore-intestine. In the mid-intestine 
there is no chitinous intima, and the 
relative positions of the circular and 
longitudinal muscles are reversed. 
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Fig. 128.—The cesophageal valve of a 


larva of Simulium; F, fore-intestine: 
M, mid-intestine; , point of union 
of fore-intestine and mid-intestine: 
p, peritoneal membrane; 4, 
intima of fore-intestine; e, epithe- 
lium of fore-intestine; pt, peritrophic 
membrane; m, muscles, 
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The sequence of the different layers is as follows: a lining epithelium, 
which is supported by a basement membrane, a layer of circular 
muscles, a layer of longitudinal muscles, and a peritoneal membrane. 

The epithélium.—The epithelium of the mid-intestine is very con- 
spicuous, being composed of large cells, which secrete a digestive fluid. 
These cells break when they discharge their secretion and are replaced 
by new cells, which are developed in centers termed midi (Fig. 129, 7). 

The extent of the digestive epithelium is increased in many insects 
by the development of pouch-like diverticula of the mid-intestine, 
these are the gastric ceca (Fig. 124, h). These differ greatly in num- 
ber in different insects and are wanting insome. In some predaceous 
beetles they are villiform and very numerous (Fig. 126, mt). 

The peritrophic membrane. 
—In many insects there is a 
membranous tube which is form- 
ed at or near the point of union of 
the fore-intestine and the mid- 
intestine and which incloses the 
food so that it does not come in 
contact with the delicate epithe- 
lium of the mid-intestine; this is 
known as the peritrophic mem- 
brane (Fig. 128, pt). Asa rule 
this membrane is found in insects 
that eat solid food and is lacking 
in those that eat liquid food. It 
is obvious that the digestive fluid 
and the products of digestion 
pass through this membrane. It 
is continuously formed at its 
point of origin and passes from 
the body inclosing the excrement. 


Fig. 129.—Resting epithelium of mid- d. THE HIND-INTESTINE 


intestine of a dragon-fly naiad; 8, 


bases of large cells filled with digestive 
fluid; cm, space filled by circular mus- 
cles; /m, longitudinal muscles; n, nidus 
in which new cells are developing (From 
Needham). 


The layers of the hind-intes- 
tine.—The layers of the hind-in- 
testine are the same as those of 
the  fore-intestine described 
above, except that a greater or 


less number of circular muscles exist between the basement membrane 
of the epithelial layer and the layer of longitudinal muscles. The 
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sequence of the layers of the hind-intestine is, therefore, as follows: 
the intima, the epithelium, the basement membrane, the ental circular 
muscles, the longitudinal muscles, the ectal circular muscles, and the 
peritoneal membrane. 


The regions of the hind-intestine.—Three distinct regions are 
commonly recognized in the hind-intestine, these are the small intestine 
(Fig. 124, k), the large intestine (Fig. 124, 1), and the rectum (Fig. 
124, m). 

The Malpighian vessels.—There open into the beginning of the 
hind-intestine two or more simple or branched tubes (Fig. 124, 7), 
these are the Malpighian vessels. The number of these vessels varies 
in different insects but is very constant within groups; there are 
either two, four, or six of them; but, as a result of branching, there 
may appear to be one hundred or more. The function of the Mal- 
pighian vessels has been much discussed; it was formerly believed to 
be hepatic, but now it is known that normally it is urinary. 

The Malpighian vessels as silk-glands——There are ceriain larvee 
that in making their cocoons spin the silk used from the anus. These 
larvee are chiefly found among those in which the passage from the 
mid-intestine to the hind-intestine is closed. The silk spun from the 
anus is secreted by the Malpighian vessels. 

Among the larve in which the Malpighian vessels are known to 
secrete silk are those of the Myrmeleonide, Osmylus (Hagen 1852), 
Sisyra (Anthony ’o2), Lebia scapularis (Silvestri ’o5), and the 
Coccidz (Berlese ’96). Berlese states that the Malpighian vessels 
secrete the woof of the scale of the Coccide. 

The cecum.—lIn some insects there is a pouch-like diverticulum 
of the rectum, this is the cecum. 

The anus.—The posterior opening of the alimentary canal, the 
anus, is situated at the caudal end of the abdomen. 


IV. THE RESPIRATORY SYSTEM 


Insects breathe by means of a system of air-tubes, which ramify 
in all parts of the body and its appendages; these air-tubes are of two 
kinds, which are termed ¢rachee and tracheoles, respectively. In 
adult insects and in most nymphs and larve, the air is received 
through openings in the sides of the segments of the body, which are 
known as spiracles or stigmata. 

Many insects that live in water are furnished with special devices 
for obtaining air from above the water; but with naiads and a few 
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aquatic larvee the spiracles are closed; in these insects the air is 
purified by means of gill-like organs, termed tracheal gills. A few 
insects have blood-gills. 

Two types of respiratory systems, therefore, can be recognized: 
first, the open type, in which the air is received through spiracles; and 
second, the closed type, in which the spiracles are not functional. 


a. THE OPEN OR HOLOPNEUSTIC TYPE OR RESPIRATORY ORGANS 


That form of respiratory organs in which the trache communicate 
freely with the air outside the body through open spiracles is termed 
the open or holopneustic type.* 

As the open type of respiratory organs is the most common one, 
those features that are common to both types will be discussed under 
this head as well as those that are peculiar to this type. Under the 
head of closed respiratory organs will be discussed only those features 
distinctly characteristic of that type. 


I. The Spiracles 


The position of the spiracles.—The spiracles are situated one on 
each side of the segments that bear them or are situated on the lateral 
aspects of the body in the transverse conjunctive. 

The question of the position of the spiracles has not been thor- 
oughly investigated; but I believe that normally the trachez, of which 


Fig. 130.—Lateral view of a silk worm showing the spiracles 
(After Verson). 


the spiracles are the mouths, are invaginations of the transverse 
conjunctive between segments. From this normal position a spiracle 
may migrate either forward or backward upon an adjacent segment 
(Fig. 130). 

The number of spiracles.—The normal number of spiracles is ten 
pairs; when in their normal position, there is a pair in front of the 


*Hélopneustic: holo (5dos), whole; pneuma (rvedua), breath. 
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second and third thoracic segments and the first to the eighth abdom- 
inal segments, respectively. There are none in the corresponding 
position in front of the first thoracic segment. See account of 
cephalic silk-glands p. 103. 

The two pairs of thoracic spiracles are commonly distinguished as 
the mesothoracic and the metathoracic spiracles; that is each pair of 
spiracles is attributed to the segment in front of which it is normally 
situated. Following this terminology there are no prothoracic 
spiracles; although sometimes the first pair of spiracles is situated in 
the hind margin of the prothorax, having migrated forward from its 
normal position. It would be better to designate the thoracic 
spiracles as the first and second pairs of thoracic spiracles, respec- 
tively; in this way the same term would be applied to a pair of 
spiracles whatever its position. There are many references in 
entomological works to “‘prothoracic spiracles,’’ but these refer to the 
pair of spiracles that are more commonly designated the mesothoracic 
spiracles. 

In many cases the abdominal spiracles have migrated back upon 
the segment in front of which they are normally situated, being fre- 
quently situated upon the middle of the segment. 

The statements made above refer to the normal number and dis- 
tribution of spiracles; but a very wide range of variations from this 
type exists. Perhaps the most abnormal condition is that found in 
the genus Sminthurus of the Collembola, where there is a single pair 
of spiracles which is borne by the neck. In the Poduride, also of the 
Collembola, the respiratory system has been lost, there being neither 
trachez nor spiracles. 


Terms indicating the distribution of the spiracles.—The following 
terms are used for indicating the distribution of the spiracles; they 
have been used most frequently in descriptions of larvee of Diptera. 
These terms were formed by combining with pneustic (from pnzo, to 
breathe) the following prefixes: peri-, around, about; pro-, before; 
meta- after; and amphz, both. 

Peripneustic.—Having spiracles in a row on each side of the body, 
the normal type. 

Propneustic—With only the first pair of spiracles. 

Metapneustic—With only the last pair of spiracles. 

Amphipneustic.—With a pair of spiracles at each end of the body. 
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The structure of spiracles.—In their simplest form the spiracles or 
stigmata are small round or oval openings in the body-wall. In many 
cases they are provided with hairs to exclude dust; in some, as in the 
larva of Corydalus, each spiracle is 
furnished with a lid (Fig. 131, a); 
in fact, very many forms of 
spiracles exist. Usually each spir- 
acle opens by a single aperture; 
but in some larve and pupz of 
Diptera they have several openings 
(Bis. 23000): 

The closing apparatus of the 
Fig. 131.—Spiracles; a, of the larva of tracheee.—Within the body, a 

Rinietes ae a nae short distance back of the spiracle, 

there is an apparatus consisting of 
several chitinous parts, surrounding the trachea, and moved by a 
muscle, by which the trachea can be closed by compression (Fig. 132). 
This is the closing apparatus of the trachea. ‘The closing of this appara- 
tus and the 
contraction of 
the body by 
the respiratory 
musclesis sup- 
posed to force 
the air into 
the tracheoles, 


: Fig. 132.—Diagrams representing the closing apparatus of the 
which are the trachee; a, b,c, chitinous parts of the apparatus; m, muscle; 
essential res- 4, apparatus open; B, apparatus closed; C, spiracle and 

: trunk of trachea showing the position of the apparatus. 
piratory oOfr- (From Judeich and Nitsche). 


gans. 
2. THE TRACHE 


Each spiracle is the opening of an air-tube or trachea. The main 
tracheal trunk which arises from the spiracle soon divides into several 
branches, these in turn divide, and by repeated divisions an immense 


number of branches are formed. Every part of the body is supplied 
with trachee. 


In a few insects the group of trachezx arising from a spiracle is not 
connected with the groups arising from other spiracles; this is the 
case in Machilis (Fig. 133). In most insects, however, each group of 
tracheze is connected with the corresponding groups in adjacent seg- 
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ments by one or more longitudinal trachez, and is also connected 


Fig. 133.—The trachez of Machilis (From Oudemans). 


with the group on the opposite side of the same segment by one or 
more transverse trachez (Fig. 134). 

The structure of the tracheze.—The fact that 
in their embryological development the trachez 
arise as invaginations of the body-wall, makes it 
easy to understand the structure of the trachee. 
The three layers of the body-wall are directly 
continuous with corresponding layers in the wall 
of a trachea (Fig. 135). These layers of a 
trachea are designated as the zutima, the epithe- 
lium, and the basement membrane. 

The intima is the chitinous inner layer of the 
trachee. It is directly continuous with the 
cuticula of the body- 
wall, and like the 
cuticula is molted at 
each ecdysis. 

A peculiar feature 
of the intima of 
tracheee is the fact 
that it is furnished 
with thickenings 
whichextend spirally. 
These give the 


Fig. 134.—Larva of trachez their charac- Fig. 135.—Section of a trachea 

Cantharis vesicatoria weds and the body-wall; c, cuti- 
showing the distribu- teristic transversely cula; h, hypodermis; 0m, 
tion of trachee (From striated appearance. basement seca SB sp, 
Hennegu after : spiral thickening of the in- 
Bekusecard). If a piece of one of tima, the teenidium. 


the larger trachee be 
pulled apart the intima will tear between the folds of the spiral 
thickening, and the latter will uncoil from within the trachea like a 


118 AN INTRODUCTION TO ENTOMOLOGY 


thread (Fig. 135). The spiral thickening of the intima of a trachea is 
termed the tenidium. In some insects there are several parallel 
teenidia; so that when an attempt is made to uncoil the thread a 
ribbon-like band is produced, composed of several parallel threads. 
This condition exists in the larger trachez of the larva Corydalus. 

The epithélium of the trachea is a cellular layer, which is directly 
continuous with the hypodermis of the body-wall. 

The basement membrane is a delicate layer, which supports the 
epithelium, as the basement membrane of the body-wall supports the 
hypodermis. 


3. The Tracheoles 


The tracheoles are minute tubes that are connected with the tips 
of tracheze or arise from their sides, but which differ from tracheze in 
their appearance, structure, and mode of origin; they are not small 
tracheee, but structures that differ both histologically and in their 
origin from trachez. 

The tracheoles are exceedingly slender, measuring less than one 
micron in diameter; ordinarily they do not taper as do trachee; 
they contain no tenidia; and they rarely branch, but often anasto- 
mose which gives them a branched appearance (Fig. 136, ¢ and 
pei BAN 

Each tracheole is of unicellular origin, and is, at first, intracellular 
in position, being developed coiled within a single cell of the epithelium 
of a trachea. In this stage of its development it has no connection 
with the lumen of the trachea in the wall of which it is developing, 
being separated from it by the intima of the trachea. A subsequent 
molting of the intima of the trachea opens a connection between the 
lumen of the tracheole and the trachea. At the same time or a little 
later the tracheole breaks forth from its mother cell, uncoils, and 
extends far beyond the cell in which it was developed. 

The tracheoles are probably the essential organs of respiration, the 
tracheze acting merely as conduits of air to the tracheoles. 


4. The Atr-Sacs 


In many winged insects there are expansions of the trachee, 
which are termed azr-sacs. These vary greatly in number and size. 
In the honeybee there are two large air-sacs which occupy a consider- 
able part of the abdominal cavity; while in a May-beetle there are 
hundreds of small air-sacs. The air-sacs differ from trachee in 
lacking teenidia. ° 
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As the air-sacs lessen the specific gravity of the insect they proba- 
bly aid in flight; as filling the lungs with air makes it easier for a man 
to float in water; in each case there is a greater volume for the same 
weight. 


5. Modifications of the open type of respiratory organs in 
aquatic insects 
There are many insects in which the spiracles are open that live in 
water; these insects breathe air obtained from above the surface of 
the water. Some of these insects breathe at the surface of the water, 
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Fig. 136.—Part of a tracheal gill of the larva of Corydalus; T, trachea; t, 
tracheoles. 


as the larvee and pupz of mosquitoes, the larve of Eristalis, and the 
Nepidz; others get a supply of air and carry it about with them 
beneath the surface of the water, as the Dytiscide, the Notonectide 
and the Corisidz. The methods of respiration of these and of other 
aquatic insects with open spiracles are described in the accounts of 
these insects given later. 


b. THE CLOSED OR APNEUSTIC TYPE OF RESPIRATORY ORGANS 
That type of respiratory organs in which the spiracles do not 
function is termed 
the closed or 
apneustic* type; it 
exists in naiads and 
in a few aquatic 
larvee. 


1. The Tracheal 
Gulls 

In the immature 

insects mentioned 

above, the air in 

the body is purified by means of organs known as tracheal gills. 


Fig. 137.—Part of a tuft of tracheal gills of a larva of 
Corydalus. 


*Apneiistic: apneustos (amvevoros), without breath 
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These are hair-like or more or less plate-like expansions of the body- 
wall, abundantly supplied with tracheee and tracheoles. Figures 136 
and 137 represent a part of a tuft of hair-like tracheal gills of a 
larva of Corydalus and figure 138 a plate-like tracheal gill of 
a naiad of a damsel-fly. In these tracheal gills the tracheoles 
are separated from the air in the water only by the delicate 
i wall of the tracheal 
gill which admits of 
the transfer of gases 
between the air in the 
tracheoles and the air 
in the water. 
Tracheal gills are 
SS Z usually borne by the 
Fig. 138.—Tracheal gill of a damsel- abdomen, sometimes 


fly: A, entire gill showing the by the thorax, and in 


trachee; B, part of gill more 
magnified showing both trachee (T) C4S€ of one genus of 


and tracheoles (t). stone-flies bythe head. 

They pertain almost 

exclusively to the immature stages of insects; but stone- 

1 flies of the genus Pteronarcys retain them throughout their 

"existence. In the naiads of the Odonata the rectum is 
supplied with many tracheze and functions as a tracheal gill. 
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2. Respiration of Parasites 


It is believed that internal parasitic larvee derive their air from air 
that is contained in the blood of their hosts, and that this is done by 
osmosis through the cuticula of the larva, the skin of the larva being 
furnished with a network of fine tracheze (Seurat 99). 


3. The blood-gills 


Certain aquatic larvee possess thin transparent extensions of the 
body wall, which are filled with blood, and serve as respiratory organs. 
These are termed blood-gills. 

Blood-gills have been observed in comparatively few insects; 
among them are certain trichopterous larve; the larva of an exotic 
beetle, Pelobius; and a few aquatic dipterous larvee, Chironomus and 
Simulium. It is probable that the ventral sacs of the Thysanura, 
described in the account of that order, are also blood-gills. 
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V. THE CIRCULATORY SYSTEM 


The general features of the circulatory system.—In insects the cir- 
culatory system is not a closed one, the blood flowing in vessels during 
only a part of its course. The greater part of the circulation of this 
fluid takes place in the cavities of the body and of its appendages, 
where it fills the space not occupied by the internal organs. 

Almost the only blood-vessel that exists in insects lies just beneath 
the body-wall, above the alimentary canal (Fig. ros, 1). It extends 
from near the caudal end of the abdomen through the thorax into the 
head. That part of it that lies in the abdomen is the heart; the more 
slender portion, which traverses the thorax and extends into the head 
is the aorta. 

On each side of the heart, there is a series 
of triangular muscles extending from the heart 
to the lateral wall of the body. These con- 
stitute the dorsal diaphragm or the wings of the 
heart. They are discussed later under the 
head: Suspensoria of the Viscera. 


The heart.—The heart is a tube, which is 
usually closed at its posterior end; at its 
anterior end it is continuous with the aorta. 
The heart is divided by constrictions into 
chambers which are separated by valves (Fig. 
139). The number of these chambers varies 
greatly in different insects; in some, as in 
Phasma and in the larva of Corethra, there is 
only one, in others, as in the cockroach, there 
are aS many as thirteen, but usually there are 
not more than eight. The blood is admitted to 
the heart through slit-like openings, the ostia of 
the heart; usually there is a pair of ostia in the 
lateral walls of each chamber. Each ostium is 


Fig. 139.—Heart of a 
May-beetle; a, lateral 
aspect of the aorta; 3), 
interior of the heart 
showing valves; c, 

ventral aspect of the 


heart and wing-mus- 
cles, the muscles are 
represented as cut away 
from the caudal part of 
the heart; d, dorsal 
aspect of the heart 
(After Straus-Durck- 
heim). 


furnished with a valve which closes it when the 
chamber contracts. 

The wall of the heart is composed of two dis- 
tinct layers: an inner muscular layer; and an 
outer, connective tissue or peritoneal layer. 
The muscular layer consists chiefly of annular 


muscles; but longitudinal fibers have also been observed. 
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The pulsations of the heart—When a heart consists of several 
chambers, they contract one after another, the wave of contraction 
passing from the caudal end of the heart forwards. As the valves 
between the chambers permit the blood to move forward but not 
in the opposite direction, the successive contraction of the chambers 
causes the blood received through the ostia to flow toward the head, into 
the aorta. 


The aorta.—The cephalic prolongation of the heart, the aorta 
(Fig. 139, a), is a simple tube, which extends through the thorax into 
the head, where it opens in the vicinity of the brain. In some cases, 
at least, there are valves in the aorta. 

The circulation of the blood.—The circulation of the blood can be 
observed in certain transparent insects, as in young naiads, in larve 
of Trichoptera, and in insects that have just molted. The blood flows 
from the open, cephalic end of the aorta and passes in quite definite 
streams to the various parts of the body-cavity and into the cavities 
of the appendages. ‘These streams, like the ocean currents, have no 
walls but flow in the spaces between the internal organs. After 
bathing these organs, the blood returns to the sides of the heart, 
which it enters through the ostia. 

Accessory circulatory organs.—Accessory pulsating circulatory 
organs have been described in several insects. These are sac-like 
structures which contract independently of the contractions of the 
heart. They have been found in the head in several Orthoptera; in 
the legs of Hemiptera, and in the caudal filaments of Ephemerida. 


VI. THE BLOOD 


The blood of insects is a fluid, which fills the perivisceral cavity, 
bathing all of the internal organs of the body, and flowing out into the 
cavities of the appendages of the body. In only a comparatively 
small portion of its course, is the blood enclosed in definite blood- 
vessels; these, the heart and the aorta are described above. ‘The 
blood consists of two elements, a fluid plasma and cells similar to the 
white corpuscles of the blood of vertebrates, the leucocytes. 

The blood of insects differs greatly in appearance from the blood 
of vertebrates, on account of the absence of red blood-corpuscles. 1n 
most insects the blood is colorless; but in many species it has a yellow- 
ish, greenish, or reddish color. In the latter case, however, the culor 
is not due to corpuscles of the type which gives the characteristic 
color to the blood of vertebrates. 
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The leucocytes are nucleated, colorless, amceboid cells similar to 
the white corpuscles of vertebrates, in appearance and function; they 
take up and destroy foreign bodies and feed upon disintegrating tissue. 
It is believed that the products of digestion of disintegrating tissue by 
the leucocytes pass into the blood and serve to nourish new tissue. 

The blood receives the products of digestion of food, which pass 
in a liquid form, by osmosis, through the walls of the alimentary canal. 
On the other hand it gives up to the tissues which it bathes the 
materials needed for their growth. In insects oxygen is supplied to 
the tissues and gaseous wastes are removed chiefly by the respiratory 
system and not by means of the blood as in vertebrates. 


VII. THE-ADIPOSE TISSUE 


On opening the body of an insect, especially of a larva, one of the 
most conspicuous things to be seen is fatty tissue, in large masses. 
These often completely surround the alimentary canal, and are held 
in place by-numerous branches of the tracheze with which they are 
supplied. Other and smaller masses of this tissue adhere to the inner 
surface of the abdominal wall, in the vicinity of the nervous system, 
and at the sides of the body. In adult insects it usually exists in 
much less quantity than in larve. an 

The chief function of the adipose tissue is the storage of nutriment; 
but it is believed that it also has a urinary function, as concretions of 
uric acid accumulate in it during the life of the insect. 


VIII. THE NERVOUS SYSTEM 


a. THE CENTRAL NERVOUS SYSTEM 


The more obvious parts of the central nervous system are the 
following: a ganglion in the head above the cesophagus, the brain; 
a ganglion in the head below the cesophagus, the subesophageal 
ganglion; a series of ganglia, lying on the floor of the body cavity in 
the thorax and in the abdomen, the thoracic and the abdominal 
ganglia; two longitudinal cords, the connectives, uniting all of these 
ganglia in a series; and many nerves radiating from the ganglia to the 
various parts of the body. 

The connectives between the brain and the subcesophageal 
ganglion pass one on each side of the cesophagus; these are termed the 
crura cerebri, or the legs of the brain; in the remainder of their course, 
the two connectives are quite closely parallel (Fig. 124). 
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The series of ganglia is really a double one, there being typically a 
pair of ganglia in each segment of the body; but each pair of ganglia 
is more of less closely united on the middle line of the body, and 
often appear to be a single ganglion. 

In some cases the ganglia of adjacent segments coalesce, thus 
reducing the number of distinct ganglia in the series. It has been 
demonstrated that the brain is composed of the coalesced ganglia of 
three of the head segments, and the subcesophageal ganglion of the 
coalesced ganglia of the remaining four segments. 


Fig. 140.—Successive stages in the coalescence of thoracic and of abdominal 
ganglia in Diptera; A, Chironomus; B, Empis; C, Tabanus; D, Sar- 
cophaga (From Henneguy after Brandt). 


The three parts of the brain, each of which is composed of the pair 
of ganglia of a head segment, are designated as the protocerebrum, the 
deutocerebrum, and the tritocerebrum, respectively. The protocere- 
brum innervates the compound eyes; the deutocerebrum, the 
antenne; and the tritocerebrum, the labrum. 

The subcesophageal ganglion is composed of four pairs of primary 
ganglia; these are the ganglia of the segments of which the mandibles, 
the maxillule, the maxilla, and the labium, respectively, are the 
appendages. 

The three pairs of thoracic ganglia often coalesce so as to form a 
single ganglionic mass; and usually in adult insects the number of 
abdominal ganglia is reduced in a similar way. 
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Successive stages in the coalescence of the thoracic and abdominal 
ganglia can be seen by a study of the nervous system of the larva, 
pupa, and adult of the same species, a distinct cephalization of the 
central nervous system taking place during the development of the 
insect. Varying degrees of coalescence of the thoracic and of the 
abdominal ganglia can be seen by a comparative study of the nervous 
systems of different adult insects (Fig. 140). 

The transverse band of fibers that unite the two members of a pair 
of ganglia is termed a commissure. In addition to the commissures 
that pass directly from one member of a pair of ganglia to the other, 
there is in the head a com- 
missure that encircles the 
cesophagus in its passage 
from one side of the brain 
to the other, this is the sub- 
osophageal commissure (Fig. 
141). 

The nerves that extend 
from the central chain of 
ganglia to the different 
parts of the body are a part 
of the central nervous sys- 
tem; the core of each nerve fiber being merely a process of a ganglionic 
cell, however long it 
may be. 
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Fig. 141.—Lateral view of the cesophagus of a 
caterpillar, showing the subcesophageal com- 
missure; 6, brain; oe, oesophagus; sc, sub- 
cesophageal commissure; sg, subcesophageal 
ganglion; pg, paired ganglion (After Liénard). 


b. THE @SOPHAGEAL 
SYMPATHETIC NER- 
VOUS SYSTEM 

In addition to the 
central nervous sys- 
tem as defined above 


con 


sg uw 


there are three other 
nervous complexes 
which are commonly 
described as separate 
systems although 
they are connected 
to thecentral nervous 
system by nerves. 
These are the ceso- 


Fig. 142.—Lateral view of the nerves of the head in the 
larva of Corydalus; a, antennal nerve; ao, aorta; ar 
paired nerves connecting the frontal ganglion with the 
brain; b, brain; cl, clypeo-labral nerve; con, connective; 
cr, crura cerebri; fg, frontal ganglion; fn, frontal nerve; 
i, unpaired nerve connecting the frontal ganglion with 
the brain; J, labial nerve; /g, the paired ganglia; ‘md, 
mandibular nerve; m, p, q, s, u, 2, nerves of the cesopha- 
geal sympathetic system; mx, maxillary nerve; 0, optic, 
nerves; oes, cesophagus; ph, pharynx; pn, pharyngeal 
nerve; fr, recurrent nerve; sc, stubcesophageal commis- 
sure; sg, subcesophageal ganglion; st, stomagastric 
nerve; v, ventricular ganglion (From Hammar). 


phageal sympathetic nervous system, the ventral sympathetic nervous 
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system, and the peripheral sensory nervous system. The first of 
these is connected with the brain; the other two, with the thoracic 
and abdominal ganglia of the central nervous system. 

The cesophageal sympathetic nervous system is intimately 
associated with the oesophagus and, as just stated, is connected with 
the brain. It is described by different writers under various names; 
among these are visceral, vagus, and stomatogastric. It consists of two, 
more or less distinct, divisions, an unpaired median division and a 
paired lateral division. 

The unpaired division of the cesophageal sympathetic nervous 
system is composed of the following parts, which are represented in 
Figures 141, 142, 143, and 
144: the frontal ganglion 
(fg), this is a minute gang- 
lion situated above the 
oesophagus a short distance 
in front of the brain; the 
unpaired nerve connecting 
the frontal ganglion with the 
brain (2), this is a small 
nerve extending from the 
brain to the frontal ganglion; 
the paired nerves connecting 
the frontal ganglion with the 
brain (ar), these are arching 
nerves, one on each side, 
extending from the upper 
ends of the crura cerebri to 
the frontal ganglion; the 
frontal nerve (fn), this nerve 
arises from the anterior bor- 
der of the frontal ganglion 
and extends cephalad into 
ae the clypeus, where it bifur- 


Fig. 143.—Dorsal view of the nerves of the cates; the pharyngeal 
head in the larva of Corydalus; e, ocelli; nerves (pn), these extend 
mnd. mandible; other lettering as in : 
Figure 142 (From Hammar). one on each side, from the 

frontal ganglion to the 
lower portions of the pharynx; the recurrent nerve (r), this is a single 
median nerve, which arises from the caudal border of the frontal 


ganglion, and extends back, passing under the brain and between the 
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aorta and the cesophagus, to terminate in the ventricular ganglion; 
the ventricular ganglion (v), this is a minute ganglion on the middle 
line, a short distance cauda of the brain, and between the aorta and 
the cesophagus; and the stomogastric nerves (st), these are two nerves 
which extend back from the caudal border of the ventricular ganglion, 
they are parallel for a short distance, then they separate and pass, one 
on each side, to the sides of the alimentary canal which they follow 
to the proventriculus. 

The paired division of the cesophageal sympathetic nervous system 
varies greatly in form in different insects. In the larva of Corydalus, 
there is a single pair of ganglia (Fig. 142 and 143, lg), one on each 
side of the cesophagus; each of these ganglia is connected with the 
brain by two nerves (m and u) but they are not connected with each 
other nor with the unpaired division 
of this system. In a cockroach 
(Fig. 144), there are two pairs of 
ganglia (ag and pg); the two ganglia 
of each side are connected with each 
other and with the recurrent nerve of 
the unpaired division. 

As yet comparatively little is 
known regarding the function of the 
cesophageal sympathetic nervous sys- 
tem of insects; nerves extending from 
it have been traced to the clypeus, 
the muscles of the pharynx, the ceso- 
phagus, the mid-intestine, the salivary 
glands, the aorta, and the heart. 
Its function is probably analogous to 
that of the sympathetic nervous sys- 
tem of Vertebrates. 
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Fig. 144.—The oesophageal sympa- 
thetic nervous system of Pert- ¢. 
planeta orientalis; the outlines of 
the brain (b) and the roots of the 
antennal nerve which cover a por- 


THE VENTRAL SYMPATHETIC NERV- 
OUS SYSTEM 


tion of the sympathetic nervous 
system are given in dotted lines; 
ag, anterior ganglion; pg, posterior 
ganglion; fg, frontal ganglion; sn, 
nerves of the salivary glands; 7, 
recurrent nerve (After Hofer). 


The ventral sympathetic nervous 
system consists of a series of more or 
less similar elements, each:connected 
with a ganglion of the ventral chain 
of the central nervous system. Typi- 


cally there is an element of this system arising in each thoracic and 
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abdominal ganglion; and each element consists of a median nerve 
extending from the ganglion of its origin caudad between the two 
connectives, a pair of lateral branches of this median nerve, and one 
‘or more ganglionic enlargements of each lateral branch. Frequently 
the median nerve extends to the ganglion of the following segment. 
A simple form of this system exists in the larva of 
Cossus ligniperda (Fig. 122); and a more compli- 
cated one, in Locusta viridissima (Fig. 145). 

From each lateral branch of the median nerve a 
slender twig extends to the closing apparatus of the 
trachez. 


d. THE PERIPHERAL SENSORY NERVOUS SYSTEM 


Immediately beneath the hypodermal layer of the 
body-wall, there are many bipolar and multipolar 
nerve-cells whose prolongations form a network of 
nerves; these constitute the peripheral sensory 
nervous system or the subhypodermal nerve plexus. 


Fig. 145.—Part of 


the ventral chain 
of ganglia of Lo- 
custa viridissima 
and of the ven- 
tralsympathetic 


The fine nerves of this system are branches of 
larger nerves which arise in the central nervous sys- 
tem; and the terminal prolongations of the bipolar 
nerve-cells innervate the sense-hairs of the body- 


mervous sys- 
tem; g,. ganglion 
of ‘the central 
nervous. system ; 
n, nerve; c, con- 
nective; m, me- 
dian nerve of the 
sympathetic sys- 
tem; gs, gang- 
lion of the sym- 
pathetic system 
(From Berlese). 


wall. 

Figure 146 represents a surface view of a small 
part of the peripheral sensory nervous system of the 
silkworm, Bombyx meri, as figured by Hilton (’o2); 
the bases of several sense hairs are also shown. The 
details of this figure are as follows: h, h, h, the bases 
of sense-hairs; s, s, s, bipolar nerve cells; m, m, m, 
multipolar cells; 7, n, n, nerves. All of these struc- 
tures are united, forming a net work. Of especial 
interest is the fact that the terminal prolongation of each bipolar 
nerve-cell enters the cavity of a sense-hair and that the other pro- 
longation is a branch of a larger nerve which comes from the central 
nervous system. 

The peripheral sensory nervous system is so delicate that it can 
not be seen except when it is stained by some dye that differentiates 
nervous matter from other tissues. For this purpose the intravitam 
methylen blue method of staining is commonly used. 
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IX. GENERALIZATIONS REGARDING THE SENSE- 
ORGANS OF INSECTS 


The sense-organs of insects present a great variety of forms, some 
of which are still incompletely understood, in spite of the fact that 
they have been investigated by many careful observers. In the 
limited space that can be devoted to these organs here only the more 
general features of them can be described and some of the disputed 
questions regarding them briefly indicated. 

A classification of the sense-organs.—The different kinds of sense- 
organs are distinguished by the nature of the stimulus that acts on 
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Fig. 146.—Surface view of subhypodermal nerves and nerve-cells from 
the silkworm (From Hilton) 


each. This stimulus may be either a mechanical stimulus, a chemical 
one, or light. The organs of touch and of hearing respond to mechani- 
cal stimuli; the former, to simple contact with other objects; the 
latter, to vibratory motion caused by waves of sound. The organs of 
taste and of smell are influenced only by soluble substances and it 
seems probable that chemical changes are set up in the sense-cells by 
these substances; hence these organs are commonly referred to as the 
chemical sense-organs; no criterion has been discovered by which the 
organs of taste and of smell in insects can be distinguished. The 
organs of sight are acted upon by light; it is possible that the action 
of light in this case is a chemical one, as it is on a photographic plate, 
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but the eyes have not been classed among the chemical sense-organs. 
For these reasons the following groups of sense-organs are recognized: 


The mechanical sense-organs.—The organs of touch and of hearing. 

The chemical sense-organs —The organs of taste and of smell. 

The organs of sight —The compound eyes and the ocelli. 

The cuticular part of the sense-organs.—In most if not all of the 
sense-organs of insects there exists one or more parts that are of cuti- 
cular formation. The cuticular parts of the organs of sight and of 
hearing are described later, in the accounts of these organs; in this 
place, a few of the modifications of the cuticula found in other sense- 
organs are described. 

Each of the cuticular formations described here is found either 
within or at the outer end of a pore in the cuticula; as some of these 
formations are obviously setae and others are regarded as modified 
sete, this pore is usually termed the ¢richopore; it has also been 
termed the neuropore, as it is penetrated by a nerve-ending. 

As the cuticular part of this 


group of sense-organs, those other 

@ 5 than the organs of hearing and 
of sight, is regarded as a seta, 

——— more or less modified, these 


organs are often referred to as 
the setiferous sense-organs; they 
= are termed the Hautsinnesorgane 
ED Os by German writers. 

- Special terms have been 
applied to the different types of 
setiferous sense-organs, based on 
the form of the cuticular part of 
each; but these types cannot 
be sharply differentiated as 
intergrades exist between them. 
In Figure 147 are represented 
the cuticular parts of several of 
these different types; these are 


designated as follows: 


Fig. 147.—Various forms of the cuticular The thick-walled sense-hair 
portion of the setiferous sense-organs. . . - 
The lettering is explained in the text. 5@/S ulum trichodeum.—In this 


type the cuticular part is a seta, 
the base of which is in an alveolus at the end of a trichopore and is 
connected with the wall of the trichopore by a thin articular mem- 
-brane (Fig. 147, a.) 


THE INTERNAL ANATOMY OF INSECTS (131 


If the sense-hair is short and stout, it is termed by some writers 
a sense-bristle, sensillum cheticum; but there is little use for this dis- 
tinction. 

In the thick-walled sense-hairs, the wall of the seta is fitted to 
receive only mechanical stimuli, being relatively thick, and as these 
organs lack the characteristic features of the organs of hearing, they 
are believed to be organs of touch. 

The sense-cones.—The sense-cones vary greatly in form and in their 
reiation to the cuticula of the body-wall; their distinctive feature is 
that they are thin-walled. For this reason, they are believed to be 
chemical sense-organs, the thinness of the wall of the cone permitting 
osmosis to take place through it. In the sense-cones, too, there is no 
joint at the base, as in the sense-hairs, the articular membrane being 
of the same thickness as the wall of the cone; there is, therefore, no 
provision for movement in response to mechanical stimuli. 

In one type of sense-cone, the sensillum basiconicum, the base of 
the cone is at the surface of the body-wall (Fig. 147, 6). In another 
type, sensillum celoconicum, the cone is in a pit in the cuticula of the 
body-wall (Fig. 147, c). Two forms of this type are represented in 
the figure; in one, the sense-cone is conical; in the other, it is fungi- 
form. Intergrades between the basiconicum and the cceloconicum 
types exist (Fig. 147, d). 


The flask-like sense-organ, sensillum ampullaceum.—This is a 


modification of the sense-cone type, the characteristic feature of 
which is that the cone is at the bottom of an invagination of the articu- 
lar membrane; in some cases the invagination is very deep so that 
the cone is far within the body-wall (Fig. 147, e); intergrades between 
this form and the more common sensillum celoconicum exist (Fig. 
147, f). 

The pore-plate, sensillum placodeum.—In this type the cuticular 
part of the organ is a plate closing the opening of the trichopore; in 
some cases, this plate is of considerable thickness with a thin articular 
membrane (Fig. 147, g); in others it is thin throughout (Fig. 147, h). 

The olfactory pores.—This type of sense-organ is described later. 


xX. THE ORGANS OF TOUCH 


The organs of touch are the simplest of the organs of special sense 
of insects. They are widely distributed over the surface of the body 
and of its appendages. Each consists of a seta, with all the character- 
istics of setee already avscribed, a trichogen cell, which excreted the 
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seta, and a bipolar nerve-cell. These organs are of the type known as 
sensillum trichodeum referred to in the preceding section of this 
chapter. 

According to the observations of Hilton (’o2) the terminal pro- 
longation of the nerve-cell enters the hair and ends on one side of it at 
some distance from its base (Fig. 148). The proximal part of this 
nerve-cell is connected with the peripheral sensory nervous system, as 
already described (page 128). 

The presence of this nervous connection is believed to distinguish 
tactile hairs from those termed clothing hairs, and from the scales 
that are modified seta. If this distinction is a good one, it is quite 
probable that many hairs and scales that are now regarded as merely 
clothing will be found to be sense-organs, when studied by improved 
histological methods. In fact Guenther (’or) and others have shown 
that some of the scales on the wings of Lepidoptera, especially those 
on the veins of the wings, are supplied with nerves; but the function 
of these scales is unknown. 

Hilton states that he ‘‘found no evidence to indicate nerves ending 
in gland cells or trichogen cells by such branches as have been described 

-and figured by Blanc (’90), but in every case the very fine nerve 
termination could be traced up past the hypodermal cell layer with 
no branches.” Many figures of unbranched nerve fibers ending in 
sense-hairs are also given by O. vom Rath (’96). 

A very different form of nerve-endings in sense-hairs is given by 
Berlese (’o9, a). This author represents the nerve extending to a 
sense-hair as dividing into many bipolar nerve-endings. 


XI. THE ORGANS OF TASTE AND OF SMELL 


(The chemical sense-organs) 


It is necessary to discuss together the organs of taste and of smell, 
as no morphological distinction between them has been discovered. 
If a chemical sense-organ is so located that it comes in contact with 
the food of the insect, it is commonly regarded as an organ of taste, if 
not so situated, it is thought to be an organ of smell. In the present 
state of our knowledge, this is the only distinction that can be made 
between these two kinds of organs. 

Many experiments have been made to determine the function of 
the various chemical sense-organs but the results are, as yet, far from 
conclusive. The problem is made difficult by the fact that these 
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organs are widely distributed over the body and its appendages, and 
in some parts, as on the antenne of many insects, several different 
types of sense-organs are closely associated. 

Those organs that are characterized by the presence of a thin- 
walled sense-cone (Fig. 147, b-f) or by a pore-plate (Fig. 147, g, h) are 
believed to be chemical sense-organs. It is maintained by Berlese 
(’o9, a) that an essential feature of these chemical sense-organs is the 
presence of a gland-cel!, the excretion of which, passing through the thin 
wall of the cuticular part, keeps the outer surface of this part, the 
sense-cone or pore-plate, moist and thus fitted for the reception of 
chemical stimuli. According to this view a chemical sense-organ 
consists of a cuticular part, a trichogen cell or cells which produced 


Fig. 148.—Sections through the body-wall and sense-hairs of the silk- 
worm; ¢, cuticula; fA, hair; hy, hypodermis; ”, nerve; s, bipolar 
nerve-cell (From Hilton). The line at the right of the figure indi- 

cates one tenth millimeter. 


this part, a gland-cell which excretes a fluid which keeps the part 
moist, and a nerve-ending. 

It is interesting to note that tactile hairs may be regarded as 
specialized clothing hairs, specialized by the addition of a nervous 
connection, and that sense-cones and pore-plates may be regarded as 
specialized glandular hairs with a nervous connection; in the latter 
case, the specialization involves a thinning of the wall of the hair so as 
to permit of osmosis through it. 

In the dierent accounts of chemical sense-organs there are 
marked differences as regards the form of the nerve-endings. In 
many of the descriptions and figures of these organs the nerve-ending 
is represented as extending unbranched to the chitinous part of the 
organ, resembling in this respect those represented in Figure 148. 
In other accounts the gland-cell is surrounded by an involucre of 
nerve-cells (Fig. 149). 
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In the types of chemical sense-organs described above the action 
of the chemical stimuli is supposed to be dependent upon osmosis 
through a delicate 
cuticular membrane. 
It should be noted. 
however, that sev- 
eral writers have de- 
scribed sense-cones in 
which there is a pore; 
but the accuracy of 
these observations is 
doubted by other 
writers. 


A very different 
Fig. 149.—Section of the external layers of the wall of g 

an antenna of Acrida turrita; Ct, cuticula; Ip, hypo- type of sense-organs 
dermis; NV, nerve; Nv, involucre of nerve-cells sur- which has been termed 
rounding the glandular part of a sense-organ; Sbc, olfactory pores is de- 
sensillum basiconicum; Scc, sensillum cceloconicum. ; ‘ 
Three sense-organs are figured; a surface view of the scribed in the conclud- 
first is represented, the other two are shown in sec- ing section of this 
tion. (From Berlese). 


chapter. 


XII. THE ORGANS OF SIGHT 


a. THE GENERAL FEATURES 


The two types of eyes of insects.—It is shown in the preceding 
chapter that insects possess two types of eyes, the ocelli or simple eyes 
and the compound or facetted eyes. 

Typically both types of eyes are present in the same insect, but 
either may be wanting. Thus many adult insects lack ocelli, while 
the larve of insects with a complete metamorphosis lack compound 
eyes. : 

When all are present there are two compound eyes and, typically 
two pairs of ocelli; but almost invariably the members of one pair of 
ocelli are united and form a single median ocellus. The median ocel- 
lus is wanting in many insects that possess the other two ocelli. 

The distinction between ocelli and compound eyes.—The most 
obvious distinction between ocelli and compound eyes is the fact that 
in an ocellus there is a single cornea while in a compound eye there are 
many. Other features of compound eyes have been regarded as dis- 
tinctively characteristic of them; but in the case of each of these 
features it is found that they exist in some ocelli. 
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Each ommatidium of a compound eye has been considered asa 
separate eye because its nerve-endings constituting the retinula are 
isolated from the retinule of other ommatidia by surrounding acces- 
sory pigment cells; but a similar isolation of retinule exist in some 
ocelli. 

It has also been held that in compound eyes there is a layer of cells 
between the corneal hypodermis and the retina, the crystalline-cone- 
cells, which is absent in ocelli; but in the ocelli of adult Ephemerida 
there is a layer of cells between the lens and the retina, which, at least, 
is in a position analogous to that of the crystalline-cone-cells; the 
two may have had a different origin, but regarding this, we have, as 
yet, no conclusive data. 


The absence of compound eyes in most of the Apterygota.— 
Typically insects possess both ocelli and compound eyes; when either 
kind of eyes is wanting it is evidently due to a loss of these organs and 
not to a generalized condition. Although compound eyes are almost 
universally absent in the Apterygota in the few cases where they 
are present in this group they are of a highly developed type and not 
rudimentary; the compound eyes of Machilis, for example, are as 
perfect as those of winged insects. 


The absence of compound eyes in larve.—The absence of com- 
pound eyes in larve is evidently a secondary adaptation to their 
particular mode of life, like the internal development of wings in the 
sameforms. In the case of the compound eyes of larve, the develop- 
ment of the organs is retarded, taking place in the pupal stage instead 
of in an embryonic stage, as is the case with nymphs and naiads. 

While the development of the compound eyes as a whole isretarded 
in larve, a few ommatidia may be developed and function as ocelli 
during larval life. 


b. THE OCELLI 


There are two classes of ocelli found in insects: first, the ocelli of 
adult insects and of nymphs and naiads, which may be termed the 
primary ocelli; and second, the ocelli of most larvee possessing ocelli, 
which may be termed adaptive ocellt. 

The primary ocelli.—The ocelli of adult insects and of nymphs and 
naiads having been orig’nally developed as ocelli are termed the 
primary ocelli. Of these there are typically two pairs; but usually 
when they are present there are only three of them, and in many cases 
only a single pair. 
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When there are three ocelli, the double nature of the median ocel- 
lus is shown by the fact that the root of the nerve is double, while that 
of each of the other two is single. 

In certain generalized insects, as some Plecoptera, (Fig. 150) all of 
the ocelli are situated in the front; but in most insects, the paired 
ocelli have either migrated into the suture between the front and the 
vertex (Fig. 151), or have proceeded farther and are situated in the 
vertex. 

The structure of primary ocelli is described later. 

The adaptive ocelli—Some larve, as those of the Tenthredinide, 
possess a single pair of ocelli, which in their position and in their 
structure agree with the ocelli of the adult insects; these are doubtless 
primary ocelli. But most larve have lost the primary ocelli; and 
if they possess ocelli the position of them and their structure differ 
greatly from the positions and structure of primary ocelli. 

Except in the few cases where primary ocelli 
have been retained by larve, the ocelli of 
larve are situated in a position corresponding 
to the position of the compound eyes of the 
adult (Fig. 152); and there are frequently 
several of these ocelli on each side of the head. 
This has led to the belief that they represent 
a few degenerate ommatidia, which have been 
Fig. 150.—Head of a retained by the larva, while the development of 

naiad of Pteronacys; the greater number of ommatidia has been 


dt, spots in the cuti- f 
cula’ beneath which retarded. For this reason they are termed 


the dorsal arms of the adaptive ocelli. 
tentorium are at- ; : 5 
tached: the three The number of adaptive ocelli varies greatly, 


ocelli are on the front and sometimes is not con- 
(F), between these ‘ ; 
two spots. stant in a species; thus 
in the larva of Corydalus, 
there may be either six or seven ocelli on each 
side of the head. 

There are also great variations in the struct- 
ure of adaptive ocelli. These variations pro- 
bably represent different degrees of degeneration 
or of retardation of development. Theextreme 
of simplicity is found in certain dipterouslarve; Fig-151-——Head of a 
according to Hesse (’or) an ocellus of Cerato- Jane 
pogon consists of only two sense-cells. As examples of com- 
plicated adaptive ocelli, those of lepidopterous larvee can be cited. 
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The ocellus of Gastropacha rubi, which is described and figured by 
Pankrath (’90), resembles in structure, to a remarkable degree, an 
ommatidium, and the same is true of the ocellus 


a part of a rhab- 
dom. 

The visual 
cells are grouped in such a way that the 
rhabdomeres of two or more of them 
are united to form what is known as a 
rhabdom or optic rod. <A group of two 
visual cells with the rhabdom formed by 
their united rhabdomeres is shown in 
Figure 153, Aand B. 

The form of the rhabdomere varies 
greatly in the visual cells of different 
insect eyes; and the number of rhab- 
domeres that enter into the composi- 
tion of a rhabdom also varies. 

Figure 153, C represents in a dia- 
grammatic manner the structure of 
rhabdomere as described by Hesse (’or). 
The rhabdomere (r) consists of many 
minute rodlets each with a minute knob 
at its base and connected with a nerve 
fibril. 

The structure of a primary ocellus. 
—The primary ocelli vary greatly in 
the details of the form of their parts, 


Fig. 152.—Head of a 
larva of Corydalus, 
dorsal aspect. 


of the larva of Arctia caja figured by Hesse (’or). 

The structure of a visual cell.—The dis- 
tinctively characteristic feature of eyes is the 
presence of what is termed visual cells. In 
insects, and in other arthropods, a visual cell 
is a nerve-end-cell, which contains a nucleus 
and a greater or less amount of pigment, 
and bears a characteristic border, termed the 
rhabdomere; this is so called because it forms 


Fig. 153.—Two visual cells from 


an ocellus of a pupa of Apis 
mellifica. A, longitudinal sec- 
tion ; B, transverse section; n, 
m, nerves; nu, nucleus; 17, 
rhabdom; , pigment (After 
Redikorzew), C, diagram il- 
lustrating the structure of a 
thabdomere; 7, rhabdomere; 
c, cell-body (From Berlese after 
Hesse). 


but the essential features of their structure are illustrated by the 


accompanying diagram (Fig. 154). 


In some ocelli, as for example the lateral ocelli of scorpions, 
the visual cells are interpolated among ordinary hypodermal cells, 
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the two kinds forming a single layer of cells beneath the 
cornea; but in the ocelli of insects, the sense-cells form a distinct 
layer beneath the hypo- 
dermal cells. In this 
type of ocellus the fol- 
lowing parts can be dis- 
tinguished: 

The cornea—The 
cornea (Fig. 154, ¢) isa 
transparent, portion of 
the cuticula of the body- 
wall; this may be lenti- 
cular in form or not. 

The corneal hypoder- 
mis.—The hypodermis 
of the body-wall is con- 
tinued beneath the 


Fig. 154.—A diagram illustrating the structureof cornea (Pigats 4.6; hy.); 


a primary ocellus; c, cornea; c. hy, corneal : hvpo- 
hypodermis; ret, retina; n, ocellar nerve; p, this part of the hyp 
accessory pigment cell; 7, rhabdom. dermis is termed by 


many writers the vitreous 
layer of the ocellus; but the term corneal hypodermis, being a self- 
explanatory term, is preferable. Other terms have been applied to it, 
as the lentigen layer and the corneagen, both referring to the fact that 
this part of the hypodermis produces the cornea. 

The retina.—Beneath the corneal hypodermis is a second cellular 
layer, which is termed the retina, being composed chiefly or entirely of 
visual cells (Fig. 154, ret). 

The visual cells of the retina are grouped, as described above (Fig. 
153), so that the rhabdomeres of several of them, two, three or four, 
unite to form a rhabdom; such a group of retinal cells is termed a 
retinula, 

The visual cells are nerve-end-cells, each constituting the termina- 
tion of a fiber of the ocellar nerve, and are thus connected with the 
central nervous system. 

Accessory pigment cells——In some ocelli there are densely pig- 
mented cells between the retinulz, which serve to isolate them in a 
similar way to that in which the retinula of anommatidium of a com- 
pound eye is isolated (Fig. 154, p). Even in cases where accessory 
pigment cells are wanting a degree of isolation of the rhabdoms of the 
retinule of an ocellus is secured by pigment within the visual cells 
(Fig. 153, 9). 
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Ocelli of Ephemerida.—It has been found that the ocelli of certain 
adult Ephemerida differ remarkably from the more common type of 
ocelli described above. These peculiar ocelli have been described and 
figured by Hesse (’o1) and Seiler (’o5). In them the cuticula over the 
ocellus, the cornea, is arched but not thickened and the corneal hypo- 
dermis is a thin layer of cells immediately beneath it. Under the 
hypodermis there is a lens-shaped mass of large polygonal cells; and 
between this lens and the retina there is a layer of closely crowded 
columnar cells. 

The development of these ocelli has not been studied; hence the 
origin of the lens-shaped mass of cells and of the layer of cells between 

it and the retina is not known. 


Cc. THE COMPOUND EYES 


A compound eye consists of many 
quite distinct elements, the ommatidia, 
each represented externally by one of 
the many facets of which the cuticular 
layer of the eye is composed. As the 
ommatidia of a given eye are similar, 
a description of the structure of one 
will serve to illustrate the structure of 
the eye as a whole. 

The structure of an ommatidium.— 
The compound eyes of different insects 
vary in the details of their structure; 
but these variations are merely modi- 
fications of acommon plan; this planis 
well-illustrated by the compound eyes 
of Machilts, the structure of which was 
worked out by Seaton (’03). Figure 
155 represents a longitudinal section 
and a series of transverse sections of an 
ommatidium in an eye of this insect, 
which consists of the following parts. 

The cornea.—The cornea is a hexa- 
gonal portion of the cuticular layer of 
Fig. 155.—An ommatidium of the eye and is biconvex in form (Fig. 

Machilis. The lettering isex- 55, C). 
Epa, Ske The corneal hypodermis.—Beneath 
each facet of the cuticular layer of the eye are twa hypodermal cells 
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which constitute the corneal hypodermis of the ommatidium. These 
cells are quite distinct in Machilis and their nuclei are prominent 
(Fig. 155, hy); but in many insects they are greatly reduced, and 
consequently are not represented in many of the published figures 
of compound eyes. 

The crystalline-cone-cells —Next to the corneal hypodermis there 
are four cells, which in one type of compound eyes, the eucone eyes, 
form a body known as the crystalline-cone, for this reason these 
cells are termed the crystalline-cone-cells (Fig. 155, cc). Two of 
these cells are represented in the figure of a longitudinal section 
and all four, in that of a transverse section. In each cell there isa | 
prominent nucleus at its distal end. 

The tris-pigment-cells—Surrounding the crystalline-cone-cells and 
the corneal hypodermis, there is a curtain of densely pigmented cells, 
which serves to exclude from the cone light entering other ommatidia; 
for this reason these cells are termed the iris-pigment (Fig. 155, 1). 
They are also known as the distal retinula cells; but as they are not a 
part of the retina this term is misleading. 

There are six iris-pigment-cells surrounding each crystalline-cone; 
but as each of these cells forms a part of the iris of three adjacent 
ommatidia, there are only twice as many of these cells as there are 
ommatidia. This is indicated in the diagram of a transverse section 
(Pigsass,"2). 

The retinula—At the base of each ommatidium, there is a group 
of visual cells forming a retinula (Fig. 155, 7); of these there are seven 
in Machilis; but they vary in number in the eyes of different insects. 
The visual cells are so grouped that their united rhabdomeres form a 
rhabdom, which extends along the longitudinal axis of the ommati- 
dium (Fig. 155, 72). The distal end of the rhabdom abuts against the 
proximal end of the crystalline-cone; and the nerve-fibers of which the 
visual cells are the endings pass through the basement membrane 
(Fig. 155, b) to the optic nerve. 

The visual cells are pigmented and thus aid in the isolation of the 
ommatidium. 

The accessory pigment-cells—In addition to the two kinds of pig- 
ment-cells described above there is a variable number of accessory 
pigment-cells (Fig. 155, ap), which lie outside of and overlap them. 

From the above it will be seen that each ommatidium of a eucone 
eye is composed of five kinds of cells, three of which, the corneal hypo- 
dermis, the crystalline-cone-cells, and the retinular cells produce solid 
structures; and three of them are pigmented. 
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Three types of compound eyes are recognized: first, the eucone 
eyes, in these each ommatidium contains a true crystalline-cone, as 
described above, and the nuclei of the cone-cells are in front of the 
cone; second, the pseudocone eyes, in these the four cone-cells are 
filled with a transparent fluid medium, and the nuclei of these cells are 
behind the refracting body; and third, the acone eyes, in which 
although the four cone-cells are present they do not form a cone, either 
solid or liquid. 


d. THE PHYSIOLOGY OF COMPOUND EYES 


The compound eyes of insects and of Crustacea are the most com- 
plicated organs of vision known tous. It isnot strange therefore, that 
the manner in which they function has been the subject of much dis- 
cussion. It is now, however, comparatively well-understood; 
although much remains to be determined. 

In studying the physiology of compound eyes, three sets of struc- 
tures, found in each ommatidium, are to be considered: first, the 
dioptric apparatus, consisting of the cornea and the crystalline-cone; 
second, the percipient portion, the retinula, and especially the rhab- 
dom; and third, the envelope of pigment, which is found in three 
sets of cells, the iris pigment-cells, the retinular cells, and the accessory 
or secondary pigment-cells. 

The dioptrics of compound eyes is an exceedingly complicated 
subject; a discussion of it would require too much space to be intro- 
duced here. It has been quite fully treated by Exner (’91). to whose 
work those especially interested in this subject are referred. ‘The 
important point for our present discussion is that by means of the 
cornea and the crystalline-cone, light entering the cornea from within 
the limits of a certain angle passes through the cornea and the crystal- 
line-cone to the rhabdom, which is formed of the combined rhab- 
domeres of the nerve-end-cells, constituting the retinula, the precipient 
portion of the ommatidium. 

The theory of mosaic vision.—The first two questions suggested by 
a study of physiology of compound eyes have reference to the nature 
of the vision of such aneye. What kind of an image is thrown upon 
the retinula of each ommatidium? And how are these images com- 
bined to form the image perceived by the insect? Does an insect 
with a thousand ommatidia perceive a thousand images of the object 
viewed or only one? 

The theory of mosaic vision gives the answers to these questions. 
This theory was proposed by J. Miller in 1826; and the most recent 
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investigations confirm it. The essential features of it are the follow- 
ing: only the rays of light that pass through the cornea and the 
crystalline-cones reach the precipient portion of the eye, the others fall 
on the pigment of the eye and are absorbed by it; in each ommatidium 
the cornea transmits to the crystalline-cone light from a very limited 
field of vision, and when this light reaches the apex of the crystalline- 
cone it forms a point of light, not an image; hence the image formed 
upon the combined retinulz is a mosaic of points of light, which com- 
bined make a single image, and this image is an erect one. 

Figure 156 will serve to illustrate the mosaic theory of vision. 
In this figure are represented the corneas (c), the crystalline-cones 
(cc), and the rhabdoms (r.) of several adja- 
cent ommatidia. It can be seen, from this 
diagram, that each rhabdom receives a 
point of light which comes from a limited 
portion of the object viewed (O); and that 
the image (I) received by the percipient 
portion of the eye is a single erect image, 
formed by points of light, each of which 
corresponds in density and color to the 
corresponding part of the object viewed. 
LY | The distinctness of vision of a com- 

ee I i pound eye depends in part upon the num- 

; , : ber and size of the ommatidia. It can be 

2 Sn Liap scien cme readily seen that the image formed by 

vision. many small ommatidia will represent the 

details of the object better than one formed 

by a smaller number of larger ommatidia; the smaller the portion of 

the object viewed by each ommatidium the more detailed will be the 
image. 

The distinctness of the vision of a compound eye depends also on 
the degree of isolation of the light received by each ommatidium, 
which is determined by the amount and distribution of the pigment. 
Two types of compound eyes, differing in the degree of isolation of the 
light received by each ommatidium, are recognized; to one type has 
been applied the term day-eyes, and to the other, night-eyes. 


Day-eyes.—The type of eyes known as day-eyes are so-called 
because they are fitted for use in the day-time, when there is an 
abundance of light. In these eyes the envelope of pigment sur- 
rounding the transparent parts of each ommatidium is so complete 
that only the light that has traversed the cornea and crystalline-cone 
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of that ommatidium reaches its rhabdom. The image formed in 
such an eye is termed by Exner an apposed image; because it is formed 
by apposed points of light, falling side by side and not overlapping. 
Such an image is a distinct one. 

Night-eyes.—In the night-eyes the envelope of pigment surround- 
ing the transparent parts of each ommatidium is incomplete; so that 
tays of light entering several adjacent corneas can reach the same 
retinula. In such an eye there will be an overlapping of the points of 
light; the image thus formed is termed by Exner a superimposed 
mage. It is obvious that such an image is not as distinct as an ap- 
posed image. It is also obvious that a limited amount of light will 
produce a greater impression in this type of eye than in one where a 
considerable part of the light is absorbed by pigment. Night-eyes are 
fitted to perceive objects and the movement of objects in a dim light, 
but only the more general features of the object can be perceived by 
them. 

Eyes with double function.—It is a remarkable fact that with 
many insects and Crustacea the compound eyes function in a bright 

a4 B light as day-eyes and in a dim light as night- 
eyes. This is brought about by movements in 
the pigment. If an insect having eyes of this 
kind be kept in a light place for a time and then 
killed while still in the light, its eyes will be found 
to be day-eyes, that is eyes fitted to form apposed 
images. But if another insect of the same 
species be kept in a dark place for a time and 
then killed while still in the dark, its eyes will be 
found to be night-eyes, that is eyes fitted to 
form superimposed images. 

Figure 157 represents two preparations 
showing the structure of the compound eyes of 
a diving-beetle, studied by Exner. In one 
(Fig. 157, A), each rhabdom is surrounded by an 
envelope of pigment, so that it can receive only 
She uepesenmaate the light passing through the crystalline-cone of 

from eyes of Colym- the ommatidium of which this rhabdom is a part. 
PERS spares This is the condition found in the individual 
eye condition (From killed in the light, and illustrates well the struct- 
Exner). ure of aday-eye. In the other preparation (Fig. 
157, B), which is from an individual killed in the dark, it can be seen 
that the pigment has moved up between the crystalline-cones so that 
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the light passing from the tip of a cone may reach several rhabdoms, 
making the eye a night-eye. These changes in the position of the 
pigment are probably due to amoeboid movements of the cells. 


Divided Eyes.—In many insects each compound eye is divided 
into two parts; one of which is a day-eye, and the other a night-eye. 
The two parts of such an eye can be readily distinguished by a differ- 
ence in the size of the facets; the portion of the eye that functions 
as a day-eye being composed of much smaller facets than that which 
functions as a night-eye. 

A study of the internal structure of a divided eye shows that the 
distribution of the pigment in the part composed of smaller facets is 
that characteristic of day-eyes; while the part of the eye composed of 
larger facets is fitted to produce a superimposed image, which is the 
distinctive characteristic of night-eyes. 

Great differences exist in the extent to which the two parts of a 
divided eye are separated. In many dragon-flies the facets of a part 
of each compound eye are small, while those of the remainder of the 
eye are much larger; but the two fields are not sharply separated. In 
some blepharocera the two fields are separated by a narrow band in 
which there are no facets, and the difference in the size of the facets of 
the two areas is very marked. The extreme condition is reached in 
certain May-flies, where the two 
parts of the eye are so widely separa- 
ted that the insect appears to have 
two pairs of compoundeyes (Fig 158). 

The tapetum.—In the eyes of 
many animals there is a structure 
that reflects back the light that has 
entered the eye, causing the well- 
known shining of the eyes in the 

dark. This is often observed in the 

Pig. 158-—Pront ean ores eyes of cats and in the eyes of moths 

b, day-eye; c, ocellus (From Sharp). that are attracted to our light at 

night. The part of the eye that 

causes this reflection is termed a tapetum. The supposed function of a 

tapetum is to increase the effect of a faint light, the light being caused 

to pass through the retina a second time, when it is reflected from the 
tapetum. 

The structure of the tapetum varies greatly in different animals; 
in the cat and other carnivores it is a thick layer of wavy fibrous tissue; 
in spiders it consists of a layer of cells behind the retina containing 
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small crystals that reflect the light; and in insects it is a mass of fine 
tracheze surrounding the retinula of each ommatidium. 


XIII. THE ORGANS OF HEARING 


a. THE GENERAL FEATURES 


The fact that in many insects there are highly specialized organs 
for the production of sounds indicates that insects possess also organs 
of hearing; but in only a few cases are these organs of such form 
that they have been gen- 
erally recognized as ears. 

The tympana.—In 
most of the jumping 
Orthoptera there are 
: thinned portions of the 

Fig. 159.—Side view of a locust with the wings cuticula, which are of a 

removed; ¢, tympanum. structure fitted to be put 

in vibration by waves of 

sound. For this reason these have been commonly regarded as organs 

of hearing, and have been termed tympana. In the Acridiide, there 

is a tympanum on each side of the first abdominal segment (Fig. 

159); and in the Locustide and in the Gryllidez, there is a pair of 

tympana near the proximal 

end of each tibia of the first 
pair of legs (Fig. 160). 

The chordotonal organs.— 
An ear to be effective must 
consist of something more than 
a membrane that will be put 
in vibration by means of 
sound; the vibrations of such 
a tympanum must be trans- 
ferred in some way to a nerv- 
vous structure that will be 
influenced by them if the 
sound is to be perceived. Such 
structures, closely associated 
with the tympana of Orthoptera, were discovered more than a half 
century ago by Von Siebold (1844) and have been studied since by 
manyinvestigators. The morphological unit of these essentialauditory 


Fig. 160.—Fore leg of a katydid; #, tympa- 
num. 
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structures of insects is a more or less peg-like rod contained in a tubular 
nerve-ending (Fig. 161, A and B); this nerve-ending may or may 
not be associated with a 


specialized 


peg-like rod 
characteris- 
tic of a chor- 
dotonal organ of an insect was named by Graber the 
scolopale; and to the tubular nerve-ending containing 
the scolopale, he applied the term scolopophore. 

The integumental and the subintegumental scolopo- 
phores.—With respect to their position there are two 
types of scolopophores; in one, the nerve-ending is 
attached to the body-wall (Fig. 161, A); in the other, it 
ends free in the body-cavity (Fig. 161, B). These two 
types are designated respectively as tntegumental scolo- 
pophores and subintegumental scolopophores. 


Fig. 161.—Diagrammatic representation of the 
auditory organs of a locustid (After Graber). 


The structure of a scolopophore.—In a scolopophore 
there can be distinguished an outer sheath (Fig. 161, I), 
which appears to be continuous either with the basement 
membrane of the hypodermis or with that of the 
epithelium of a trachea, and within this sheath the 
complicated nerve-ending; this nerve-ending is repre- 
sented diagrammatically in Figure 161 from Graber and in 
detail in Figure 162 from Hess (’17). 

In Figure 162 the following parts are represented: a 
bipolar sense-cell (sc) with its nucleus (scn); the proximal 
pole of this sense-cell is connected with the central nerv- 
ous system by a nerve; and its distal pole is connected 
with the scolopale (s) by an axis-fiber (af); surrounding 
the distal prolongation of the sense-cell and the scolopale 
there is an enveloping or accessory cell (ec), in which 


tympanum. 
To all sense-organs char- 
acterized by the presence 
of these auditory pegs, 
Graber (’82) applied the 
term chordotonal organs or 
..t fiddle-string-like organs. 
The scolopale and 
the scolopophore.—The 


pgs. _.2/ 
MA 
A COM 
-ek 


Fig. 162.—A 
scolopo- 
phore of the 
integu- 
mental type 
(2 se @ Sea) 
Hess). 


there isa prominent nucleus (ecw); distad of the enveloping cell is 


THE INTERNAL ANATOMY OF INSECTS 147 


the cap-cell (cc), in which there is a nucleus (ccn); extending from 
the end-knob (ek) of the scolopale and surrounded by the cap-cell 
there is an attachment fiber or terminal ligament (tl), by which the 
scolopophore is attached to the body-wall, the scolopophore repre- 
sented being of the integumental type; at the base of the scolopale 
and partly surrounding it, there is a vacuole (v). 

The structure of a scolopale.—The scolopale or auditory pegs are 
exceedingly minute and are quite uniform in size, regardless of the size 
of the insect in which they are; but they vary in form in different 
insects. They are hollow (Fig. 162,s5); but the wall of the scolopale 
is almost always thickened at its distal end, this forming an end-knob 
(Fig. 162, ek). They are traversed by the axis-fiber of the sense-cell. 
The vacuole at the base of the scolopale connects with the lumen of 
the scolopale; this vacuole is filled with watery 
fluid. 

In Figure 163 is shown a part of the scolopo- 
phore represented in Figure 162, more enlarged 
(A), and three cross-sections (B, C, D) of the 
scolopale. The wall of the scolopale is composed 
at either end of seven ribs (r), each of which is 
divided in the central portion, making fourteen 
ribs in this part. The entire scolopale, except 
possibly the terminal ligament, is bathed in the 

watery liquid, and is free to vibrate (Hess ’17). 
Fig. 163.—Part of the It should be remembered that the scolopale of 
scolopophore shown ., : : 
in Figure 162 more different insects vary greatly in form; the one 
a. rged (From ficured here is merely given as an example of 
one type. 

The simpler forms of chordotonal organs.—In the simplest form 
of a chordotonal organ there is a single scolopophore; usually, how- 
ever, there are two or more closely parallel scolopophores. In figure 
164, which represents a chordotonal organ found in the next to the 
last segment of the body of a larva of Chironomus, these two types are 
represented, one part of the organ being composed of a single scolopo- 
phore, the other of several. 


The chordotonal ligament.—In Figure 164 the nerve connecting 
the chordotonal organ with the central nervous system is represented 
at n; and at li is shown a structure not yet mentioned, the chordo- 
tonal ligament, which is found in many chordotonal organs. Figure 
165 is a diagrammatic representation of the relations of the chordo- 
tonal organs of a larva of Chironomus to the central nervous system 
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and to the body-wall. Here each chordotonal organ is approxi- 
raately T-shaped; the proximal nerve forming the body of the T; 

) the scolopophore, one 
arm; and the chor- 
dotonal ligament, the 
other arm. 

It will be observed 
that in this type of 
chordotonal organ 
the scolopophore and 
the ligament form a 
fiddle-string-like 
structure between two 
points in the wall of 
a single segment. It 
is believed that in 
cases of this kind the igi a6s"— Diagram 
integument acts as_ representing the 

chordotonal organs 
Fig. 164.—Chordotonal organ @ tympanum OF of a Jarva of Chiro- 


of a larva of Chironomus sounding board. nomus (After Gra- 
(From Graber). ber). 


b. THE CHORDOTONAL ORGANS OF LARV 


Chordotonal organs have been observed in so many larve that 
we may infer that they are commonly present in larvee. These organs 
are very simple compared with those of certain adult insects, described 
later. Those figured in the preceding paragraphs will serve to illus- 
trate the typical form of larval chordotonal organs. Even in the more 
complicated ones, there are comparatively few scolopophores; and, as 
a tule, they are not connected with specialized tympana, but extend 
between distant parts of the body-wall, which probably acts as a 
sounding board. 

In certain larve, however, the scolopophores are attached to 
specialized areas of the body-wall. Hess (’17) has shown that the 
pleural discs of cerambycid larvee, which are situated one on each side 
of several of the abdominal segments, serve as points of attachment 
of scolopophores. 


c. THE CHORDOTONAL ORGANS OF THE LOCUSTIDA 


In the Locustide there are highly specialized ears situated one on 
each side of the first abdominal segment. The external vibrating 
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part of these organs, the tympanum, is conspicuous, being a thinned 
portion of the body-wall (Fig. 166). 


Closely applied to the 
inner surface of each 
tympanum (Fig. 167, T), 
there is a ganglion 
known as Miiller’s organ 
(ga), first described by 


Fig. 166.—Side view of a lociHst with the win ; 
peed; aes 8S Miller (1826). This gan- 


glion contains many 


ganglion-cells and scolopalee and is the termination of a nerve extend- 
ing from the central nervous system, the auditory nerve (n). Figure 
168 represents a section of Muller’s organ, showing the ganglion-cells 


and scolopale. 


Intimately associated with the Miller’s organ are two horny 
processes (Fig. 167, 0 and u) and a pear-shaped vesicle (Fig. 167, bz); 


and near the margin 
of the tympanum, 
there is a spiracle 
(Fig. 167, st), which 
admits air to a space 
inside of the tympa- 
num, the tympanal 
air-chamber. 

As the nerve-end- 
ings in Miiller’s or- 
gan are attached to 
the tympanum, it is 
a chordotonal organ 
of the integumental 
type; it is attached 
to a vibratile mem- 
brane, between two 
air-spaces. 


d. THE CHORDOTONAL 
ORGANS OF THE 
TETTIGONIUDA AND 
OF THE GRYLLIDZ 


Fig. 167.—Ear of a locust, Caloptenus ttalicus, seen from 
inner side; T, tympanum; TR, its border; 0, u, two 
horn-like processes; bi, pear-shaped vesicle; n, audi- 
tory netve; ga, terminal ganglion or Miller’s organ; 
st, spiracle; M, tensor muscle of the tympanum (From 
Packard after Graber). 


In the long-horned grasshoppers and in the crickets, there is a pair 
of tympana near the proximal end of the tibia of each fore leg. In 
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many genera, these tympana are exposed and easily observed (Fig. 
169); but in some genera each is covered by a fold of the body-wall 
and is consequently within a cavity, 
which communicates with the out- 
side air by an elongated opening 
(Fig. 170, a and b). 

Within the legs bearing these 
tympana, there are complicated 
chordotonal organs. Very de- 
tailed accounts of these organs 
have been published by Graber 
(76), Adelung (’92) and Schwabe 
(06); in this place, for lack of 
space, only their more general 
features can be described. 

Figure 171 represents a longi- 
tudinal section of that part of a 
fore tibia of Decticus verrucivorus in 
which the chordotonal organs are 
situated, and Figure 172 represents 
a cross-section of the same tibia, 
Fig. 168.—Section of Muller’s organ; g, passing through the tympana and 

Be Ne ae 5, $, scolo- the air-chambers formed by the 
folds of the body-wall. In the fol- 
lowing account the references, in most cases, are to both of these figures. 


rae 
id 


Fig. 170.—Tibia of a locustid 
with covered tympana; a, 
Fig. 169.—Fore leg of a katydid; #, tympa- front view; ), side view; 0, 
num. opening (After Schwabe). 


The trachea of the leg.— The trachea of the leg figured in part here 
is remarkable for its great size and for its division into two branches, 
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the front trachea (Ti) and the hind trachea (Te); these two branches 
reunite a short distance beyond the end of the chordotonal organs. 
It is an interesting 
fact that these large 
tracheze of the legs 
containing the chor- 
dotonal organs open 
through a pair of 
supernumery spir- 
acles, differing in this 
respect from the tra- 
chee of the other legs. 

The spaces of the 
leg.— By reference 
to Figure 172, it will 
be seen that the two 
branches of the leg 
trachea occupy the 
middle space of the 
leg between the two 
tympana (Tie and 
Tu) and separate an 
outer space, theupper 
onein thefigure, from 
aninner space. The 
outer space (E) con- 
tains a chordotonal 
organ, of which the 
scolopale is repre- 
sented at S; and the 
inner space contains 
small trachee (t), 
muscles (m), the 
tibial nerve (Ntb), 
and a tendon (Tn). 
The interstices of the 


Fig. 171.—Longitudinal section of a fore tibia of ; 
Decticus verrucivorus (Frora Berlese after Schwabe). outer andinnerspaces 


are filled with blood. 

In the outer space some leucocytes and fat-cells (Gr) are represented. 
The supra-tympanal or subgenual organ.—In the outer space of 
the tibia, a short distance above the tympana, there is a ganglion (Fig. 
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171, Os) composed of nerve-endings, which are scolopophores of the 
integumental type. Two nerves extend to this ganglion, one from 
each side of the leg, and 
each divides into many 
scolopophores. The 
attachment fibers of the 
scolopophores converge 
and are attached to the 
wall of the leg. Two 
terms have been applied 
to this organ, both indicat- 
ing its position in the leg; 
one refers to the fact that 
it is above the tympana, 
the other, that it is below 
the knee. 


The intermediate or- 


gan.—Immediately below 

Fig. 172.—Transverse section of the fore tibia of Rae 
Decticus verrucivorus (From Berlese after the supra-ty mpanal ore 
Schwabe). In comparing this figure with the and between it and the 


preceding, note that in that one the external Fr eS 
parts are at the left, in this one, at the right. organ described in the next 
paragraph, is a ganglion 


composed of scolopophores of the subintegumental type; this is 
termed the intermediate organ (Fig. 171, Oi). 


Siebold’s organ or the crista acustica.—On the outer face of the 
front branch of the large trachea of the leg there is a third chordo- 
tonal organ, the Siebold’s organ or the crista acusitca. A surface view 
of the organ is given in Figure 171 and a cross-section is represented in 
Figure 172. It consists of a series of scolopophores of the subintegu- 
mental type, which diminish in length toward the distal end of the 
organ (Fig. 171). The relation of Siebold’s organ to the trachea is 
shown in Figure 172. It forms a ridge or crest on the trachea, shown 
in setion at cr in Figure 172; this suggested the name crista acustica, 
used by some writers. 


€. THE JOHNSTON’S ORGAN 


There has been found in the pedicel of the antenna of many insects, 
representing several of the orders, an organ of hearing, which is known 
as the Johnston’s organ, having been pointed out by Christopher 
Johnston (1855). This organ varies somewhat in form in different 
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insects and in the two sexes of the same species; but that of a male 
mosquito will serve as an example illustrating its essential features. 
The following 
account 1s 

\ based on an in- 
vestigation by 

\ Professor Ch. 
1 7 Mz. Child (’94). 


In an an- 

i tenna of a mos- 
j quito (Fig. 173) 
the scape or 


i ‘first segment, 
which contains 
l the muscles of 
the antenna, is 
much smaller 
than the pedicel 
i or ‘second seg- 
ment, and is 
Ny usually — over- 
fE looked, Hake 
4 conceale y 
aa oe; the large, glob- 
ular pedicel; 
the clavola con- 
Fig. 173.—Antennz of mosquitoes, Culex; M, male; F, gists of thirteen 
female; s, scape; p, pedicel. 
slender seg- 
ments. Excepting one or two terminal segments, each segment of 
the clavola bears a whorl of long, slender sete; these are more 
prominent in the male than in the female. 

Figure 174 represents a longitudinal section of the base of an 
antenna; in this the following parts are shown: S, scape; P, pedicel, 
C, base of the first segment of the clavola; cp, conjunctival plate 
connecting the pedicel with the first segment of the clavola; pr, 
chitinous processes of the conjunctival plate; m, muscles of the 
antenna; N, principal antennal nerve; n, nerve of the clavola; 
immediately within the wall of the segments there is a thin layer 
of hypodermis; the lumen of the pedicel is largely occupied by a 
ganglion composed of scolopophores, the attachment fibers of which 
are attached to the chitinous processes of the conjunctival plate. 
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As to the action of the auditory apparatus as a whole, it was shown 
experimentally by Mayer (’74) that the different whorls of setae borne 
by the segments of the clavola, and which gradually decrease in length 
on successive segments, are caused to vibrate by different notes; and 
it is believed that the vibrations of the sete are transferred to the 
conjunctival plate by the clavola, and thence to the nerve-end- 
ings. 

It was formerly 
believed that the 
great specialization 
of the Johnston’s or- 
gan in male mosqui- 
toes enabled the 
males to hear the 
songs of the females 
and thusmorereadily 
to find their mates. 
But it has been found 
that in some species, 
at least, of mosqui- 
toes and of midges 


Fig. 174.—Longitudinal section of the base of an anten- in which the males 
na of a male mosquito, Corethra culiciformis (After pave this organ high- 
Child). 
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ly specialized the fe- 
males seek the males. This has led some writers to doubt that the 
Johnston’s organ is auditory in function. But the fact remains that 
its distinctive feature is the presence of scolopale, which is the dis- 
tinctive characteristic of the auditory organs of other insects. 


XIV. SENSE-ORGANS OF UNKNOWN FUNCTIONS 


In addition to the sense-organs discussed in the foregoing account 
there have been described several types of supposed sense-organs 
which are as yet very imperfectly understood. Among these there is 
one that merits a brief discussion here on account of the frequent 
references to it in entomological literature. Many different names 
have been applied to the organs of this type; of these that of sense 
domes is as appropriate as any, unless the conclusions of McIndoo, 
referred to on the following page, are confirmed, in which case his 
term olfactory pores will be more descriptive. 
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The sense-domes are found in various situations, but they occur 
chiefly on the bases of the wings and on the legs. Each sense-dome 
consists of a thin, hemispherical or more nearly spherical membrane, 
which either projects from the 
outer end of a pore in the 
cuticula (Fig. 175, a) or is 
more or less deeply enclosed 
in such a pore (Fig. 175, b); 
intergrades between the two 
types represented in the accom- 
panying figures occur. 

When a_ sense-dome is 
viewed in section a nerve- 
ending is seen to be connected 

a b with the dome-shaped or bell- 

Fig. 175.—Sense-domes (From Berlese). like membrane. A striking 

feature of these organs is the 

absence of any gland-cells connected with them, such as are found 
in the chemical sense-organs described on an earlier page. 

In one very important respect there is a marked difference in the 
accounts of these organs that have been published. The organs were 
first discovered long ago by Hicks (’57); but they have been more 
carefully studied in recent years by several writers, who have been 
able to make use of a greatly improved histological technic; among 
these writers are Berlese (’o9 a), Vogel (11), Hochreuter (12’), Lehr 
(14), and McIndoo (’14). 

All of the writers mentioned above except the last named maintain 
that the sense-cell ends in a structure, in the middle of the sense-dome, 
which differs in appearance from both the membrane of the sense- 
dome and the body of the sense-cell. This 
structure varies in form in different sense- 
domes; in some it is cylindrical, and is 
consequently described as a peg; in others, 
it is greatly flattened so that it is semilunar 
in form when seen in section. In Figure 
175, b, which represents a section made 
transversely to the long axis of this part it : 
appears peglike; butin Figure 175, a,which Fig. 176—Olfactory_pore 

F ; , Sd ehiarenis of McIndoo (From 
represents a longitudinal view of it, it is \feTndoo) 
semilunar in form. 
According to McIndoo (Fig. 176) no structure of this kind is 
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present, but the sense-fiber of the sense-cell pierces the bottom of the 
cone and enters the round, oblong, or slit-like pore-aperture. “‘It is 
thus seen that the cytoplasm in the peripheral end of the sense- 
fiber comes in direct contact with the air containing odorous par- 
ticles and that odors do not have to pass through a hard membrane 
in order to stimulate the sense-cell as is claimed for the antennal 
organs.” 
XV. THE REPRODUCTIVE ORGANS 


a. THE GENERAL FEATURES 


In insects the sexes are distinct. Formerly Termitoxenia, a genus 
of wingless, very aberrant Diptera, the members of which live in nests 
of Termites, was believed to be hermaphroditic, but this is now 
doubted. 

Individuals in which one side has the external characters of the 
male and the other those of the female are not rare; such an individual 
is termed a gyndndromorph; in some gynandromorphs, both testes 
and ovaries are present but in no case are both functional; these there- 
fore are not true hermaphrodites. 

In females the essential reproductive organs consist of a pair of 
ovaries, the organs in which the ova or eggs are developed, and a tube 
leading from each ovary to an external opening, the oviduct. In the 
male, the essential reproductive organs are a pair of testes, in which 
the spermatozoa are developed and a tube leading from each testis to 
an external opening, the vas deferens. In addition to these essential 
organs, there are in most insects accessory organs, these consist of 
glands and of reservoirs for the reproductive elements. 

The form of the essential reproductive organs and the number and 
form of the accessory organs vary greatly in different insects. It is 
impossible to indicate the extent of these variations in the limited 
space that can be devoted to this subject in this work. Instead of 
attempting this it seems more profitable to indicate by diagrams, one 
for each sex, the relations of the accessory organs that may exist to 
the essential organs. 

In adult insects the external opening of the reproductive organs is 
on the ventral side of the abdomen near the caudal end of the body. 
The position of the opening appears to differ in different insects and in 
some cases in the two sexes of the same species. The lack of uni- 
formity in the published accounts bearing on this point is partly due 
to differences in numbering the abdominal segments; some authors 
describing the last segment of the abdomen as the tenth while others 
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believe it to be the eleventh; embryological evidence supports the 
latter view. 

In most insects there is a single external opening of the reproduc- 
tive organs; but in the Ephemerida and in a few other insects the two 
efferent ducts open separately. 


Secondary sexual characters.—In addition to differences in the 
essential reproductive organs and in the genital appendages of the 
two sexes, many insects exhibit what are termed secondary sexual 
characters. Among the more striking of these are differences in size, 
coloring, and in the form of certain organs. Female insects are 
usually larger than the males of the same species; this is due to the 
fact that the females carry the eggs; but in those cases where the males 
fight for their mates, as stag-beetles, the males are the larger. Strik- 
ing differences in the color- 
ing of the two sexes are 
common, especially in the 
Lepidoptera. In many 
insects the antenne of the 
male are more highly 
specialized than those of 
the female; and this is 
true also of ithe éyes of 
certaininsects. These are 
merely a few of the many 
known secondary sexual 
characters found in insects. 


> 
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b. THE REPRODUCTIVE 


= usual form of the ovaries Grassi). 
og of insects, each ovary is 
Be Mita uae of aa eproduc- a compact, more or less spindle- 
tive organs of a female insect; 0, 
ends oviduct; c, egg-calyx; v, shaped body composed of many paral- 
vagina; s,spermatheca, bc Ruse lel ovarian tubes (Fig. 177, 0), which 
copulatrix; sg, spermatheca i 
pands cg, colleterial glands. open into a common efferent tube, 
the oviduct. In Campodea, however, 
there is a single ovarian tube; and in certain other Thysanura the 


ovarian tubes have a metameric arrangement (Fig. 178). The num- 


Fig. 173.— 
A? ORGANS OF THE Repro: 
; FEMALE ductive 
bg es, organs of 
i, The generalfeaturesof  Japyx, 
eal. age a female 
i: the ovary.—In the more (neces 
id 
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ber of ovarian tubes differs greatly in different insects; in many 
Lepidoptera there are only four in each ovary; in the honeybee, 
about 150; and in some Termites, 3000 or more. 


The wall of an ovarian tube.—The ovarian tubes are lined with 
an epithelial layer, which is supported by a basement membrane; out- 
side of this there is a peritoneal envelope, composed of connective tis- 
sue; and sometimes there are muscles in the peritoneal envelope. 


The zones of an ovarian tube.—Three different sections or zones are 
recognized in an ovarian tube; first, 
the terminal filament, which is the 
slender portion which is farthest from 
the oviduct (Fig. 179, #); second, the 
germarium, this is a comparatively short 
chamber, between the other two zones 
(Fig. 179, g); and third, the witellarium, 
which constitutes the greater portion of 
the ovarian tube. 

The contents of an ovarian tube.—In 
the germarium are found the primordial 
germ-cells from which the eggs are devel- 
oped; and in the vitellarium are found 
the developing eggs. In addition to the 
cells that develop into eggs there are 
found, in the ovarian tubes of many 
insects, cells whose function is to furnish 
nutriment to the developing eggs; these 
are termed nurse-cells. 

Depending upon the presence or ab- 
sence of nurse-cells and on the location of 
the nurse-cells when present, three types 
of ovarian tubes are recognized: first, 
those without distinct nurse-cells (Fig. 

Fig. 179.—Three types of 179, A); second, those in which the eggs 
ovarian tubes; ¢, e, e, and masses of nurse-cells alternate in the 

(After LA i ovarian tube (Fig. 179, B); and third, 

those in which the nurse-cells are 
restricted to the germarium (Fig. 179, C), which thus becomes a nutri- 
tive chamber. In the latter type the developing eggs are each con- 
nected by a thread with the nutritive chamber. 

The egg-follicles.—The epithelium lining of the ovarian tube 
becomes invaginated between the eggs in such a way that each egg is 
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enclosed in an epithelial sac or egg-follicle, which passes down the tube 
with the egg (Fig. 179). There is thus a tendency to strip the tube of 
its epithelium, but a new one is constantly formed. 

The functions of the follicular epithelium.—It is believed that in 
some cases, and especially where the nurse-cells are wanting, the 
follicular epithelium serves a nutritive function. But the most 
obvious function of this epithelium is the formation of the chorion or 
egg-shell, which is secreted on its inner surface. The pit-like mark- 
ings so common on the shells of insect eggs indicate the outlines of the 
cells of the follicular epithelium. 

The ligament of the ovary.—In many insects, the terminal fila- 
ments of the several ovarian tubes of an ovary unite and form a 
slender cord, the ligament of the ovary, which is attached to the dorsal 
diaphragm; but in other insects this ligament is wanting, the terminal 
filaments ending free in the body cavity. 

The oviduct.—The common outlet of the ovarian tubes is the ov7- 
duct (Fig. 177, od). In most insects the oviducts of the two ovaries 
unite and join a common outlet, the vagina; but in the Ephemerida 
and in some Dermaptera each oviduct has a separate opening. 

The egg-calyx.—In some insects each oviduct is enlarged so as to 
form a pouch for storing the eggs, these pouches are termed the egg- 
calyces (Fig. 177, c.) 

The vagina.—The tube into which the oviducts open is the vagina 
(Fig. 177, v). The vagina differs in structure from the oviducts, due 
to the fact that it is an invagination of the body-wall, and, like other 
invaginations of the body-wall, is lined with a cuticular layer. 

The spermatheca.—The spermatheca 1s a sac for the storage of the 
seminal fluid (Fig. 177, s). As the pairing of the sexes takes place only 
once in most insects and as the egg-laying period may extend over a 
long time, it is essential that provision be made for the fertilization of 
the eggs developed after the union of the sexes. The eggs become full- 
grown and each is provided with a shell before leaving the ovarian 
tubes. At the time an egg is laid a spermatozoan may pass from the 
spermatheca, where thousands of them are stored, into the egg 
through an opening in the shell, the micropyle, which is described in 
the next chapter (Figs. 184 and 185). 

In some social insects, eggs that are developed years after the 
pairing took place are fertilized by spermatozoa that have been stored 
in the spermatheca. 

The bursa copulatrix.—In many insects there is a pouch for the 
reception of the seminal fluid before it passes to the spermatheca. 
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This pouch is known as the bursa copulatrix or copulatory pouch. In 
some insects this pouch is a diverticulum of the vagina (Fig. 177, bc); 
in others it has a distinct external opening, there being two external 
openings of the reproductive organs, the opening of the vagina and the 
opening of the bursa copulatrix. 

When the bursa copulatrix has a distinct external opening there 
may or may not be a passage from it to the vagina. In at least some 
Orthoptera (Melanoplus) there is no connection between the two; 
when the eggs are laid they are 
pushed past the opening of the 
bursa copulatrix where they are 
fertilized. 

In the Lepidoptera (Fig. 180), 
there isa passage from the bursa 
copulatrix to the vagina. In 
this case the seminal fluid is 
received by the bursa copulatrix 


Fig. 180.—Reproductive organs of the 


female of the ans eg Dene art at the time of pairing, later it 
anus; b, opening of the bursa copula- 
trix; ov, Leni, tubes; t, terminal Passes to the spermatheca, and 


filaments of the ovary; v, opening from here it passes to the vagina. 


ore are ie ee. A bursa copulatrix is said to 


be wanting in Hymenoptera, Diptera, Heteroptera and Homoptera 
except the Cicadas. 

The colleterial glands.—There are one or two pairs of glands that 
open into the vagina near its outlet (Fig. 177, cg); to these has been 
applied the general term colleterial glands. Their function differs in 
different insects; in some insects they secrete a cement for gluing the 
eggs together, in others they produce a capsule or other covering 
which protects the eggs. 

The spermathecal gland.—In many insects there is a gland that 
opens either into the spermatheca or near the opening of the sperma- 
theca, this is the spermathecal gland (Fig. 177, sg). 


Cc. THE REPRODUCTIVE ORGANS OF THE MALE 


The reproductive organs of the male are quite similar in their more 
general features to those of the female; but there are striking differ- 
ences in details of form. 

The general features of the testes.—As the reproductive elements 
developed in the testes, the spermatazoa, always remain small, the 
testes of a male are usually much smaller than the ovaries of the female 
of the same species. 
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In the more common form, each testis is a compact body (Fig. 
181, t) composed of a variable number of tubes corresponding with 
the ovarian tubes, these are commonly called 
the testicular follicles; but it would have been 
better to have termed them the testicular tubes, 
reserving the term follicle for their divisions. 

The testicular follicles vary in number, 
form, and in their arrangement. In many 
insects as the Neuroptera, the Hemiptera, the 
Diptera, and in Campodea and Japyx, each 
testis is composed of a single follicle. In some 
beetles, Carabidze and Elateride, the follicle 
is long and rolled into a ball. In some Thy- 
sanura the testicular follicles have a metameric 
arrangement. 

In some Coleoptera, each testis is separated 
into several masses, each having its own outlet 
leading to the vas deferens; while in some 
other insects the two testes approach each other 
Fig. 181.—Diagram of during the pupal stage and constitute in the 

the reproductive or- adult a single mass. 

gans of a male insect; 4 : 
theright testis isshown The structure of a testicular follicle—Like 
in section; ag, acces- the ovarian tubes, the testicular follicles are 
sory glands; ed, eja- .. : A ase E ‘ 
culatory duct; sv,semi- lined with an epithelial layer, which is sup- 
ee ported by a basement membrane, outside of 

; which there is a peritoneal envelope composed 

of connective tissue. And in these follicles a series of zones are 
distinguished in which the genital cells are found in different stages 
of development, corresponding to the successive generations of these 
cells. In addition to the terminal filament four zones are recog- 
nized as follows: 

The germarium.—This includes the primordial germ-cells and the 
spermatogonia. 

The zone of growth—Here are produced the spermatocytes of the 
first order and the spermatocytes of the second order. 

The zone of division and reduction —In this zone are produced the 
spermatids or immature spermatozoa. 

The zone of transformation——Here the spermatids become sper- 
matozoa. 

A discussion of the details of the development of the successive 
generations of the genital cells of the male, or spermatogenesis, does 
not fall within the scope of this volume. 
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The spermatophores.—In some insects the spermatozoa become 
enveloped in a sac in which they are transferred to the female; this 
sac is the spermatophore. Spermatophores have been observed in 
Gryllide, Locustidee, and certain Lepidoptera. 

Other structures.—A ligament of the testis, corresponding to the 
ligament of the ovary, is often present; the common outlet of the testi- 
cular follicles, corresponding to the oviduct is termed the vas deferens 
(Fig. 181, vd); an enlarged portion of the vas deferens serving as a 
reservoir for the products of the testis is known as a seminal vesicle 
(Fig. 181, sv); the invaginated portion of the body-wall, correspond- 
ing with the vagina of the female, is the ejaculatory duct (Fig. 181, ed); 
accessory glands, corresponding to the colleterial glands of the female, 
are present (Fig. 181, ag); the function of these glands has not been 
determined, they may secrete the fluid part of the semen, and they 
probably secrete the spermatophore when one is formed; the pents, 
this is merely the chitinized terminal portion of the ejaculatory duct, 
which can be evaginated with a part of the invaginated portion of the 
body-wall. It is furnished with powerful muscles for its protrusion 
and retraction. x 


XVI. THE SUSPENSORIA OF THE VISCERA 


The organs discussed here do not constitute a well-defined system, 
but are isolated structures connected with 
different viscera. As in most cases they 
appear to serve a suspensory function, they 
are grouped together provisionally as the sus- 
pensoria of the viscera. 

The dorsal diaphragm.—This is a mem- 
branous structure which extends across the 
abdominal cavity immediately below the 
heart, to which it is attached along its median 


Fig. 182.—Diagram show- .. 
line. 


ing the relation of the 
dorsal diaphragm and 
the ventral diaphragm 
to other viscera; a, 
alimentary canal; d, 
dorsal diaphragm; Ah, 
heart; m, ventral nerv- 
ous system; v, ventral 
diaphragm. 


The lateral margins of this diaphragm 
are attached to the sides of the body by a 
series of triangular prolongations, which have 
been commonly known as the wings of the 
heart (Fig. 139, c). The dorsal diaphragm is 
composed largely of very delicate muscles. 
Its relation to the heart is illustrated by the 


accompanying diagram (Fig. 182, d). 
There are differences of opinion as to the function of the dorsal 
diaphragm. An important function is probably to protect the heart 
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from the peristaltic movements of the alimentary canal. It also 
supports the heart; and it may play a part in its expansion. 
The dorsal diaphragm is also known as the pericardial diaphragm. 


The ventral diaphragm.—The ventral diaphragm is a very delicate 
membrane which extends across the abdominal cavity immediately 
above the ganglia of the central nervous system. It is quite similar 
in form to the dorsal diaphragm; it is attached along each side of the 
body, just laterad of the great ventral muscles, by a series of pro- 
longations resembling in form the wings of the heart. The position of 
the ventral diaphragm is illustrated in Figure 182, v. 

This diaphragm has been described as a ventral heart; but I 
believe that its function is to protect the abdominal ganglia of the 
central nervous system from the peristaltic movements of the alimen- 
tary canal. 


The thread-like suspensoria of the viscera.—Under this head may 
be classed the ligament of the ovary and the ligament of the testis, 
already described. In addition to these, there is, in some insects at 
least, a thread-like ligament that is attached to the intestine. 


XVII. SUPPLEMENTARY DEFINITIONS 


There are found in the bodies of insects certain organs not referred 
to in the foregoing general account of the internal anatomy of insects. 
These organs, though doubtless very important to the insects in which 
they occur, are not likely to be studied in an elementary course in 
entomology and, therefore, a detailed account of them may well be 
omitted from an introductory text-book. This is especially true as 
our knowledge of the structure and functions of these organs is so 
incomplete that an adequate discussion of the conflicting views now 
held would require more space than can be devoted to it here. The 
organs in question are the following: 


The cenocytes.—The term @nocytes is applied to certain very large 
cells, that are found in clusters, often metamerically arranged, and 
connected with the trachee and the fat body of insects. The name 
was suggested by the light yellow color which often characterizes 
these cells, the color of certain wines; but the name is not a good one, 
as cenocytes vary greatly in color. Several other names have been 
applied to them but they are generally known by the name used here. 
Two types of cenocytes are recognized: first, the larval cenocytes; 
and second, the imaginal cenocytes. 
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The larval cenocytes are believed by Verson and Bisson (’91) to be 
ductless glands which take up, elaborate, and return to the blood 
definite substances, which may then be taken up by other cells of the 
body. Other views are held by other writers, but the view given 
above seems, as this time to be the one best supported by the evidence 
at hand. 

As to the function of the imaginal cenocytes, there are some obser- 
vations that seem to show that they are excretory organs without 
ducts, cells that serve as storehcuses for excretory products, becoming 
more filled with these products with the advancing age of the insect. 


The pericardial cells —The term fericardial cells is applied toa 
distinct type of cells that are found on either side of the heart in the 
pericardial sinus or crowded between the fibers of the pericardial 
diaphragm. 

These cells can be rendered very conspicuous by injecting ammonia 
carmine into the living insect some time before killing and dissecting 
it; by this method the pericardial cells are stained deeply while the 
other cells of the body remain uncolored. 

It is believed that the pericardial cells absorb albuminoids origina- 
ting from the food and transform them into assimilable substances. 


The phagocytic organs.—The term phagocyte is commonly applied 
to any leucocyte or white blood corpuscle that shows special activity 
in ingesting and digesting waste and harmful materials, as disinte- 
grating tissue, bacteria, etc. The action of phagocytes is termed 
phagocytosis; an excellent example of phagocytosis is the part played 
by the leucocytes in the breaking down and rebuilding of tissues in the 
course of the metamorphosis of insects; this is discussed in the next 
chapter. 

Phagocytosis may take place in any part of the body bathed by the 
blood and thus reached by leucocytes. In addition to this widely 
distributed phagocytosis, it is believed that in certain insects there are 
localized masses of cells which perform a similar function; these 
masses of cells are known as the phagocytic organs. 

Phagocytic organs have been found in many Orthoptera and in 
earwigs; they are situated in the pericardial region; and can be made 
conspicuous by injecting a mixture of ammonia carmine and India ink 
into the body cavity; by this method the pericardial cells are stained 
red and the phagocytic organs black. 


The light-organs.—The presence of organs for producing light is 
widely distributed among living forms both animal and vegetable. 
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The most commonly observed examples of light-producing insects are 
certain members of the Lampyride, the fireflies and the glow-worms, 
and a member of the Elateride, the ‘‘cucujo” of the tropics. With 
these insects the production of light is a normal function of highly 
specialized organs, the light-organs. 

Examples of insects in which the production of light is occasionally 
observed are larve of mosquitoes, and certain lepidopterous larve. 
In these cases the production of light is abnormal, being due either to 
the presence in the body of light-producing bacteria or to the ingestion 
of luminescent food. 

The position of the specialized light-organs of insects varies 
greatly; in the fireflies, they are situated on the ventral side of the 
abdomen; in the glow-worms, along the sides of the abdomen; and in 
the cucujo, the principal organs are in a pair of tubercles on the dorsal 
side of the prothorax and in a patch in the ventral region of the 
metathorax. 

The structure of the light-organs of insects varies in different 
insects, as is shown by the investigations of several authors. A good 
example of highly specialized light-organs are those of Photinus 
marginellus, one of our common fireflies. An excellent account of 
these is that of Miss Townsend (’04), to which the reader is referred. 
A detailed account of the origin and development of the light-organs 
of Photurus pennsylvanica is given by Hess (’22). 


CHAPTER IV. 


THE METAMORPHOSIS OF INSECTS 


Many insects in the course of their lives undergo remarkable 
changes inform; a butterfly was once a caterpillar, a bee lived first the 
life of a clumsy footless grub, and flies, which are so graceful and active, 
are developed from maggots. 

In the following chapters considerable attention is given to 
descriptions of the changes through which various insects pass; the 
object of this chapter is merely to discuss the more general features of 
the metamorphosis of insects, and to define the terms commonly used 
in descriptions of insect transformations. 


I. THE EXTERNAL CHARACTERISTICS OF THE META- 
MORPHOSIS OF INSECTS 


The more obvious characteristics of the metamorphosis of insects 
are those changes in the external torm of the body that occur during 
postembryonic development. In some cases there appears to be but 
little in common between the successive forms presented by the same 
insect, as the caterpillar, chrysalis, and adult stages of a butterfly. 
On the other hand, in certain insects, the change in the form of the 
body during the postembryonic life is comparatively little. Based 
on these differences, several distinct types of metamorphosis have 
been recognized; and in those cases where the insect in its successive 
stages assumes different forms, distinctive terms are applied to the 
different stages. 

ad. THE EGG 


Strictly speaking, all insects are developed from eggs, which are 
formed from the primordial germ-cells in the ovary of the female. 
As a rule, each egg is surrounded by a shell, formed by the follicular 
epithelium of the ovarian tube in which the egg is developed; and 
this egg, enclosed in its shell, is deposited by the female insect, usually 
on or near the food upon which the young insect is to feed. In some 
cases, however, the egg is retained by the female until it is hatched; 
thus flesh-flies frequently deposit active larvee upon meat, especially 
when they have had difficulty in finding it; and t\.ere are other vivi- 
parous insects, which are discussed later. In tks place is discussed 
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the more common type of insect eggs, those that are laid while still 


enclosed in their shell. 


The shape of the egg.—The terms ovoid and ovate have a definite 
meaning which has been derived from the shape of the eggs of birds; 
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Fig. 183.—Eggs of insects; 1, Zicanthus nigri- 
cornts; 2, Cinis: semidea; 3, Ptezosterum 
subulatum; 4, Hydrometra martint. 


but while many eggs of 
insects are ovate in form, 
many others are not. 

The more common 
form of insect eggs is 
an elongate oval, some- 
what curved; this type is 
illustrated by the eggs 
of crickets (Fig. 183, 1); 
many eggs; are approx- 
imately spherical, as those 
of some butterflies (Fig. 
183, 2); while some are of 
remarkable shape, two of 
these are represented in 
Figure 183, 3, 4. 

The sculpture of the 
shell.—Almost always the 
externalsurface of the shell 


of an insect egg is marked with small, hexagonal areas; these are the 


imprints of the cells of the follicular epi- 
thelium, which formed the shell. In 
many cases the ornamentation of the 
shell is very conspicuous, consisting of 
prominent ridges or series of tubercles; 
this is well-shown in the eggs of many 
Lepidoptera (Fig. 184). 

The micropyle.—It has been shown, 
in the course of the discussion of the 
reproductive organs of the female, that 
the egg becomes full-grown, and the 
protecting chorion or egg-shell is formed 
about it before it is fertilized. This 
renders necessary some provision for the 
entrance of the male germ-cell into the 
egg; this provision consists of one or 


Egg of the cotton- 
the micropyle 1s 


Fig. 184. 
worm moth; 
shown in the center of the lower 
figure. 


more openings in the shell through which a spermatozoan may enter. 
This opening or group of openings is termed the micropyle. 
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The number and position of the micropylar openings varies greatly 
in the eggs of different insects. Frequently they present an elaborate 
pattern at one pole of the egg (Fig. 184); and sometimes they open 
through more or less elongated papilla (Fig. 185). 

While in most cases it is necessary that an egg be fertilized in order 
that development may continue, there are many instances of par- 
thenogenesis among insects. 

The number of eggs produced by insects.— 
A very wide variation exists in the number of 
eggs produced by insects. In the sheep-tick, for 
AQ example, a single large egg is produced at a time, 
and but few are produced during the life of the 
insect; on the other hand, in social insects, as 
ants, bees, and termites, a single queen may 
produce hundreds of thousands of eggs during 
her lifetime. 

These, however, are extreme examples; the 

Pig. 185.—Egg of peculiar mode of development of the larva of the 

Drosophila melan- : es 

ogaster; m, micro- Sheep-tick within the body of the female makes 

pyle. possible the production of but few eggs; while 
the division of labor in the colonies of social insects, by which the func- 
tion of the queen is merely the production of eggs, makes it possible 
for her to produce an immense number; this is especially true where 
the egg-laying period of the queen extends over several years. 

The following may be taken as less extreme examples. In the 
solitary nest-building insects, as the fossores, the solitary wasps, and 
the solitary bees, the great labor involved in making and provisioning 
the nest results in the reduction of the number of eggs produced to a 
comparatively small number; while many insects that make no pro- 
vision for their young, as moths, for example, may lay several 
hundred eggs. 

With certain chalcis-flies the number of young produced is not 
dependent upon the number of eggs laid; for with these insects many 
embryos are developed from a single egg. This type of development 
is termed polyembryony. 

Modes of laying eggs.—Perhaps in no respect are the wonderful 
instincts of insects exhibited in a more remarkable way than in the 
manner of laying their eggs. If insects were reasoning beings, and if 
each female knew the needs of her young to be, she could not more 
accurately make provision for them than is now done by the great 
majority of insects. 
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This is especially striking where the life of the young is entirely 
different from that of the adult. The butterfly or moth may sip 
nectar from any flower; but when the female lays her eggs, she selects 
with unerring accuracy the particular kind of plant upon which her 
larve feed. The dragonfly which hunts its prey over the field, returns 
to water and lays her eggs in such a position that the young when it 
leaves the egg is either in or can readily find the element in which 
alone it is fitted to live. 

The ichneumon-flies frequent flowers; but when the time comes 
for a female to lay her eggs, she seeks the particular kind of larva 
upon which the species is parasitic, and will lay her eggs in no other. 
It is a remarkable fact that no larva leads so secluded a life that it 
cannot be found by its parasites. Thus the larve of Tremex columba 
bore in solid wood, where they are out of sight and protected by a 
layer of wood and the bark of the tree in which they are boring; 
nevertheless the ichneumon-fly 
Megarhyssa lunator, which is 
parasitic upon it, places her eggs 
in the burrows of the Tremex by 
means of her long drill-like 
ovipositor (Fig. 186). 

In contrast with the exam- 

, ples just cited, some insects 
< exhibit no remarkable instinct 
in their egg-laying. Our com- 
mon northern walking-stick, 
Diapheromera, drops its eggs on 
Ml i the ground under the shrubs 
y and trees upon which it feeds. 
This, however, is sufficient pro- 
vision, for the eggs are pro- 
tected throughout the winter by 
the fallen leaves, and the young when hatched, readily find their food. 

Many species, the young of which feed upon foliage, lay their eggs 
singly upon leaves; but many others, and this is especially true of 
those, the young of which are gregarious, lay their eggs in clusters. 
In some cases, as in the squash bug, the mass of eggs is not protected 
(Fig. 187); in others, where the duration of the egg-state is long, the 
eggs are protected by some covering. The females of our tent- 
caterpillars cover their eggs with a water-proof coating; and the 
tussock moths of the genus Hemerocampa covertheir egg-clusters with 


a frothy mass. 


| 
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Fig. 186.—Megarhyssa lunator. 
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The laying of eggs in compact masses, however, is not correlated, 
in most cases, with gregarious habits of the larve. The water- 
scavenger beetles, Hydrophilide, make egg-sacks out of a hardened 
silk-like secretion (Fig. 188); the locusts, Acridiide, lay their eggs in 
oval masses and cover them with a 
tough substance; the scale-insects 
of the genus Pulvinaria excrete a 
5, large cottony egg-sac (Fig. 189); 
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Fig. 187—Egg-mass of the Fig. 188.—Ege-sacof Hydrophilus 
Squash-bug. (After Miall). 


the eggs of the praying mantis are laid in masses and overlaid with 
a hard covering of silk (Fig. 190); and cockroaches sete pod-like 
»  egeg-cases, termed 
ootheca, each 
containing many 
eggs (Fig. 191). 

Among the 
more remarkable 
ofthemethodsof Fig: 189.—Pulvinaria innumerabilis, females on 

: - grape with egg-sacs 
caring for eggs is 
that of the lace-winged flies, Chrysopa. These insects place 
each of their eggs on the summit of a stiff stalk of hard silk 
(Fig. 192). 

Duration of the egg-state.—In the life-cycle of most insects, 
a few days, and only a few, intervene between the laying of 

an egg and the emergence of the nymph, naiad, or larva from 

-it. In some the duration of the egg-state is even shorter, the 
= hatching of the egg taking place very soon after it is laid, or 
even, as sometimes in flesh-flies, before it is laid. On the 
> other hand, in certain species, the greater part of the life of an 
individual is passed within the egg-shell. The common 
apple-tree tent-caterpillars, Clisiocampa americana, lays 
its eggs in early summer; but these eggs do not hatch till the fol- 
Jowing spring; while the remainder of the life-cycle occupies only a 
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few weeks. The eggs of Bittacus are said to remain unhatched for 
two years; and a similar statement is made regarding the eggs of 
our common walking-stick. 


b. THE HATCHING OF YOUNG INSECTS 


Only a few accounts have been published 
ED &F 


regarding the manner in which a young insect 

frees itself from the embryonic envelopes. In P8-191.~.Ootheca of a 
Ae : cockroach. 

some cases it is evident that the larva cuts its 

way out from the egg-shell by means of its mandibles: but in others, a 

specialized organ has been developed for this purpose. 

The hatching spines.— 
An organ for rupturing 
the embryonic envelopes 
is probably commonly pre- 
sent. It has been des- 
cribed under _ several 
names. It was termed an 
egg-burster by Hagen, the 
ruptor ovr by C. V. Riley 
an egg-tooth by Heymons, 
and the hatching spines 
by Wheeler. 


} c. THE MOLTING OF INSECTS 
aaa larva, cocoon, and adult of The young of insects 
wysopda. aoete 

cast periodically the outer 

parts of the cuticula; this process 1s termed molting or ecdysts. 
General features of the molting of insects.—The chitinization of 
the epidermis or primary cuticula adds to its efficiency as an armor, but 
it prevents the expansion of the body-wall rendered necessary by the 
growth of the insect; consequently as the body grows, its cuticula 
becomes too small for it. When this occurs a second epidermis is 
formed by the hypodermis; after which the old epidermis splits open, 
usually along the back of the head and thorax, and the insect works 
itself out from it. The new epidermis being elastic, accommodates 
itself to the increased size of the body; but in a short time it becomes 
chitinized; and as the insect grows it in turn is cast off. The cast 
skin of an insect is termed the exuvie, the plural noun being used as in 

English is the word clothes. 
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Coincident with the formation of the new epidermis, new setze 
are formed beneath the old epidermis; these lie closely appressed to 
the outer surface of the new epidermis until released by the molting 
of the old epidermis. 


In the above account only the more general features of the process of molting 
are indicated, the details, according to the observations of Tower (’06) are as 
follows. (See Figure 113, p.99). Inthe formation of the new epidermis it appears 
as a thin, delicate lamella, spread evenly over the entire outer surface of the 
hypodermis; it grows rapidly in thickness until finally, just before ecdysis takes 
place, it reaches its final thickness. After ecdysis the epidermis hardens rapidly 
and its coloration is developed. As soon as ecdysis is over the deposition of the 
dermis or secondary cuticula begins. This layer is a carbohydrate related 
to cellulose, and is deposited in layers of alternating composition, through the 
period of reconstruction and growth, during which it reaches its maximum thick- 
ness. Preliminary to ecdysis a thin layer of molting fluid is formed, and through 
its action the old dermis is corroded and often almost entirely destroyed, thus 
facilitating ecdysis. This dissolving of the dermis, is, according to Tower, a most 
constant phenomenon in ecdysis and has been found in all insects examined by 
him in varying degrees. 

It is said that the Collembola molt after reaching sexual maturity, 
in this respect agreeing with the Crustacea and the ‘“‘Myriapoda,”’ and 


differing from the Arachnida and from all other insects (Brindley ’98). 

The molting fluid.—As indicated above, the process of molting is 
facilitated by the excretion of a fluid known as the molting fluid. This 
is produced by unicellular glands (Fig. 113, p. 99) which are modified 
hypodermal cells. These glands are found all through the life of the 
insect and upon all parts of the body; but are most abundant upon 
the pronotum, and are more abundant at pupation than at any other 
period. 


The number of postembryonic molts.—A very wide range of vari- 
ation exists as to number of molts undergone by insects after they 
leave the egg-shell. According to Grassi (’98, p. 292), there is only a 
single partial molt with Campodea and Japyx, while the May-fly 
Chloeon molts twenty times. Between these extremes every condition 
exists. Probably the majority of insects molt from four to six times; but 
there are many records of insects that molt many more times than this. 


Stadia.—The intervals between the ecdyses are called stadia. In 
numbering the stadia, the first stadium is the period between hatching 
and the first postembryonic ecdysis. 


Instars.—The term instar is applied to the form of an insect during 
a stadium; in numbering the instars, the form assumed by the insect 
between hatching and the first postembryonic molt is termed the first 
instar. 
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Head measurements of larvee.—It was demonstrated by Dyar (’90) 
that the widths of the head of a larva in its successive instars follow 
a tegular- geometric progression in their increase. The head, was 
selected as a part not subject to growth during a stadium; and the 
width as the most convenient measurement to take. By means of 
this criterion, it is possible to determine, when studying the transfor- 
mations of an insect, whether an ecdysis has been overlooked or not. 
Experience has shown that slight variations between the computed. 
and the actual widths may occur; but these differences are go slight 
that the overlooking of an ecdysis can be readily discovered. The 
following example will serve to illustrate the method employed. 

A larva of Papilio thoas was reared from the egg; and the widths 
of the head in the successive instars was found to be, expressed in 
millimeters, as follows: .6; 1.1; 1.6; 2.2; 3.4. 

By dividing 2.2. by 3.4 (two successive members of this series), the 
ratio of increase was found to be.647-+; the number .65 was taken, 
therefore, as suficiently near the ratio for practical purposes. By 
using this ratio as a factor the following results were obtained: 


Wile een tru wGrare— se) i NP ae es 2 a 

Calculated width ia fourth instar (3.4 *K .65) =..... 2.270 
a SE Sie devia Sy, (2:2 108 8-65) ee A 6 
i ee paSCCONCT Fy 2149 On x 9565 MERE oe Oss 
. hae rst pie os xOn) cas Sete EGG 


By comparing the two series, as is done below, so close a corrosnond- 
ence is found that it is evident that no ecdysis was overlooked. 
Widths.found:—.6; 1.1; 1.6; 2.23 3.4 
calculated:—.6; .9; 1.45 2.2. 

The reproductica of lost limbs.—The repro- 
duction of lostlimbs has been observed in many 
insects; but such reproduction occurs herve much 
less frequently than in the other classes of the 
Arthropoda. The reproduction talzos place dur- 
ing the period of ecdysis, the reproduced part 
becoming larger and larger with each molt; 
hence with insects, and with Arachnida as well, 
the power of reproducing lost limbs ceases with 
the attainment of sexual maturity; but not so 
with the Crustacea and the ‘“‘Myriapoda” which 
molt after becoming sexually mature. Innone 
Fig. 93.—A spider in of the observed examples of the reproduction 


eae pen oa of appendages has an entire leg been reproduced, 


oe 
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It appears to be necessary that the original coxa be not removed in 
order that the reproduction may take place. Figure 193 represents 
a spider in our collection in which two legs, the left fore leg and the 
right hind leg, were being reproduced when the specimen was captured. 


d. DEVELOPMENT WITHOUT METAMORPHOSIS 
(Ametabolous* Development) 


While most insects undergo remarkable changes in form during 
their postembryonic development, there are some in which this is 
not the case. In these the young insect just hatched from the egg is 
of practically the same form as the adult insect. These insects grow 
larger and may undergo slight changes in form of the body and its 
appendages; but these changes are not sufficiently marked to merit 
being termed a metamorphosis. This type of development is known 
technically as ametabolous development. 

Development without metamorphosis is characteristic of the two 
orders Thysanura and Collembola, which in other respects, also, are 
the most generalized of insects. 


The nature of the changes in form undergone by an insect with an ametabolous 
development is illustrated by the development of Machilis alternata, one of the 
Thysanura. The first instar of this insect, according to Heymons (’07), lacks 
the clothing of scales, the styli on the thoracic legs, and the lateral rows of eversi- 
ble sacs on the abdominal segments; and the antennz and cerc? are relatively 
shorter and consist of a much smaller number of segments than those of the adult. 
These changes, however, are comparable with those undergone by many animals 
in the course of their development that are not regarded as having a metamorpho- 
sis. In common usage in works on Entomology the term metamorphosis is used 
to indicate those marked changes that take place in the appearance of an insect 
that are correlated with the development of wings. 

In addition to the Thysanura and the Collembola there are certain 
insects that develop without metamorphosis, as the Mallophaga 
and the Pediculide. But their ametabolous condition is believed to be 
an acquired one. In other words, it is believed that the bird-lice and 
the true lice are descendants of winged insects whose form of body and 
mode of development have been modified as a result of parasitic life. 


The Ametabola.—Those insects that develop without meta- 
morphosis are sometimes referred to as the Ametabola. This term was 
first proposed by Leach (1815), who included under it the lice as well 
as the Thysanura and Collembola. But with our present knowledge, if 
it is used it should be restricted to the Thysanura and Collembola, 
those insects in which a development without metamorphosis is a 
primitive not an acquired condition. 


*Ametabolous: Greek a, without; metabole (uera8or#), change. 
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é€. GRADUAL METAMORPHOSIS 
(Paurometabolous* Development) 


In several orders of insects there exists a type of development that 
is characterized by the fact that the young resemble the adult in the 
general form of the body and in manner of life. There is a gradual 
growth of the body and of the wing rudiments and genital appendages. 


Fig. 194—Nymph of Mela- Fig. 195.—Nymph of Mela- 


noplus, first instar (After noplus, second instar 
Emerton). (After Emerton). 


Fig. 196.—Nymph of Melano- Fig. 197,.—Nymph of Melano- 
plus, third instar (After Emer- plus, fourth instar (After 
ton) Emerton). 


Fig. 198.—Nymph of Melano- Fig. 199.— Melanoplus, 
Bee fifth instar (After Emer-~ adult. 
ton). 


But the changes in form take place gradually and are not very great 
between any two successive instars except that at the last ecdysis 
there takes place a greater change, especially in the wings, than at 
any of the preceding ecdyses. This type of metamorphosis is desig- 
nated as gradual metamorphosis or paurometabolous development. 

The characteristic features of paurometabolous development are 
correlated with the fact that the mode of life of the young and of the 


*Paurometabolous: pauros (maipos), little; metabole (uerafodh), change. 
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adult are essentially the same; the two living in the same situation, 
and feeding on the same food. The adult has increased power of loco- 
motion, due to the completion of the development of the wings; this 
enables it to more readily perform the functions of the adult, the 
spread of the species, and the making of provision for its continuance; 
but otherwise the life of the adult is very similar to that of the young. 

The development of a locust or short-horned grasshopper will 
serve as an example of gradual metamorphosis. Each of the instars 
of our common red-legged locust, Melanoplus femur-rubrum, is repre- 
sented in the accompanying series of figures. The adult (Fig. 199) 
is represented natural size; each of the other instars somewhat 
enlarged; the hair line above the figure in each case indicates the 
length of the insect. 

The young locust just out from the egg-shell can be easily recog- 
nized as a locust (Fig. 194). It is of course much smaller than the 
adult; the proportion of the different regions of the body are some- 
what different; and it is not furnished with wings; still the form of the 
body is essentially the same as that of the adult. In the second and 
third instars (Fig. 195 and 196) there are slight indications of the 
development of wing-rudiments; and these rudimentary wings are 
quite conspicuous in the fourth and fifth instars (Fig. 197 and 108). 
The change at the last ecdysis, that from the fifth instar to the adult, 
is more striking than that at any preceding ecdysis; this is due to the 
complete expansion of the wings, which takes place at this time. 

The Paurometabola.—Thoseorders of insectsthat arecharacterized 
by a gradual metamorphosis are grouped together as the Paurometa- 
bola. This is not a natural division of the class Hexapoda but merely 
indicates a similarity in the nature of the metamorphosis in the orders 
included. This group includes the Isoptera, Dermaptera, Orthop- 
tera, Corrodentia, Thysanoptera, Homoptera, and Hemiptera. 

The term nymph.—An immature instar of an insect that undergoes 
a gradual metamorphosis is termed a nymph. 

In old entomological works, and especially in those written in the 
early part of the last century, the term nymph was used as a synonym 
of pupa; but in more recent works it is applied to the immature instar 
of insects that undergo either a gradual or incomplete metamorphosis. 
In this book I restrict the use of this term to designate an immature 
instar of an insect that undergoes a gradual metamorphosis. 


Deviation from the usual type.—It is to be expected that within so 
large a group of organisms as the Paurometabola there should have 
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been evolved forms that exhibit deviations from the usual type of 
development. The more familiar examples of these are the following: 

The Saltatorial Orthoptera—In the crickets, locusts, and long- 
horned grasshoppers, the wings of the nymphs are developed in an 
inverted position; that surface of the wing which is on the outside in 
the adult is next to the body in the nymphal instars; and the rudi- 
mentary hind wings are outside of the fore wings, instead of beneath 
them, asin the adult. At the last ecdysis the wings assume the normal 
position. 

The Cicadas——In the Cicadas there exists a greater difference 
between the nymphal instars and the adult than is usual with insects 
in which the metamorphosis is gradual. The nymphs live below the 
surface of the ground, feeding upon the roots of plants; the adults 
live in the open air, chiefly among the branches of trees. The forelegs 
of the nymphs are fossorial (Fig. 200); this is an 
adaptation for subterranean life, which is not needed 
and not possessed by the adults. And it is said that 
the last nymphal instar is quiescent for a period. 

The Coccide.—In the Coccide the mode of devel- 
opment of the two sexes differ greatly. The female 
never acquires wings, and in so far as external form is 
concerned the adult is degenerate. The male, on 
the other hand, exhibits a striking approach to com- 
plete metamorphosis, the last nymphal instar being 
enclosed in a cocoon, and the legs of the adult are not 
those of the nymph, being developed from imaginal 
Pig. 200, — disks. But the wings are developed externally. 

Coan ane The Aleyrodide.—In this family the type of meta- 

Riley). morphosis corresponds quite closely with that 

described later as complete metamorphosis; con- 

sequently the term larva is applied to the immature instars except 
the last, which is designated the pupa. 

The wings arise as histoblasts in the late embryo, and the growth 
of the wing-buds during the larval stadia takes place inside the body- 
wall. The change to the pupal instar, in which the wing-buds are 
external, takes place beneath the last larval skin, which is known as 
the pupa case or puparium. The adult emerges through a T-shaped 
opening on the dorsum of the puparium. Both sexes are winged. 

The Aphidide.—In the Aphidide there exists a remarkable type 
of development known as héterégamy or cyclic reproduction. This is 
characterized by an alternation of several parthenogenetic generations 
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with a sexual generation. And within the series of parthenogenetic 
forms there may be an alternation of winged and wingless forms. In 
some cases the reproductive cycle is an exceedingly complicated one; 
and different parts of it occur on different food plants. 

The Thysanoptera.—In the Thysanoptera, as in most other insects 
with a gradual metamorphosis, the nymphs resemble the adults in the 
form of the body, and the wings are developed externally; but the last 
nymphal instar is quiescent or nearly so and takes no nourishment. 
This instar is commonly described as the pupa. 


f. INCOMPLETE METAMORPHOSIS 
(Hemimetabolous* Development) 


In three of the orders of insects, the Plecoptera, Ephemerida, and 
Odonata, there exists a type of metamorphosis in which the changes 


Fig. 201.—Transformation of a May-fly, Ephemera varia; A, 
adult; B, naiad (After Needham), 


that take place in the form of the body are greater than in gradual 
metamorphosis but much less marked than in complete metamorpho- 
sis. For this reason the terms incomplete metamorphosis and hemi- 
metabolous development have been applied to it. 

Both incomplete metamorphosis and complete metamorphosis are 
characterized by the fact that the immature instars exhibit adaptive 
modifications of form and structure, fitting them for a very different 
mode of life than that followed by the adult. This is often expressed 
by the statement that the immature instars are ‘‘sidewise developed”; 
for it is believed that in these cases the development of the individual 
does not repeat the history of the race to which the individual belongs. 


*Hemimetabolous: hemi (hut), half; metabole (ueraBodr), change. 
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This mode of development is termed cenogenesis.* It contrasts 
strongly with gradual metamorphosis, where there is a direct develop- 
ment from the egg to the adult. 

In each of the orders that are characterized by an incomplete 
metamorphosis, the adaptive characteristics of the young insects fit 
them for aquatic life; while the adults lead an aerial existence. The 
transformations of a May-fly (Fig. 201) will serve to illustrate this 
type of metamorphosis. 

The primitive insects were doubtless terrestrial; this is shown by 
the nature of the respiratory system, which is aerial in all insects. In 
the course of the evolution of the different orders of insects, the 
immature forms of some of them invaded the water in search of food. 
This resulted in a sidewise development of these immature forms to 
better fit them to live in this medium; while the adult continued their 
development in, what may be termed by contrast, a direct line. In 
some of the Plecoptera, as Capnia and others, the results of the ceno- 
genetic development are not marked except that the immature forms 
are aquatic. 

In the three orders in which the metamorphosis is incomplete, the 
cenogenetic development of the immature instars involved neither a 
change in the manner of development of the wings nor a retarding of 
the development of the compound eyes; consequently these immature 
forms, although sidewise developed, constitute a class quite distinct 
from larve. 

The Hemimetabola.—The three orders in which the development 
is a hemimetabolous one are grouped together as the Hemimetabola; 
these are the Plecoptera, Ephemerida, and Odonata. This grouping 
together of these three orders is merely for convenience in discussions 
of types of metamorphosis and does not indicate a natural division of 
the class Hexapoda. The radical differences in the three types of 
aquatic respiratory organs characteristic of the three orders indicate 
that they were evolved independently. 

The term naiad.—The immature instars of insects with an incom- 
plete metamorphosis have been termed nymphs; but as a result of 
their sidewise development they do not properly belong in the same 
class as the immature instars of insects with a gradual metamorphosis. 
I, therefore, proposed to designate them as natads (Comstock ’18, 6). 

The adoption of the term naiad in this sense affords a distinctive 
term for each of the three classes of immature insects corresponding to 
the three types of metamorphosis, 7. e., nymphs, naiads, and larve. 


*Cénogénesis: kainos (xalvos), new; genesis. 
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Deviation from the usual type of incomplete metamorphosis.—The 
more striking deviations from the usual type of hemimetabolous devel- 
opment are the following: 

The Odonata.—In the Odonata the wings of the naiads are inverted; 
these insects resembling in this respect the Saltitorial Orthoptera. 
What is the upper surface of the wings with naiads becomes the lower 
surface in the adults, the change taking place at the last ecdysis. 

The E phemerida.—In the Ephemerida, there exists the remarkable 
phenomenon of an ecdysis taking place after the insect has left the 
water and acquired functional wings. The winged instar that is 
interpolated between the last aquatic one and the adult is termed the 
sub-imago. 


g. COMPLETE METAMORPHOSIS 
(Holometabolus* Development) 


The representatives of several orders of insects leave the egg-shell 
in an entirely different form from that they assume when they reach 
maturity; familiar examples of these are caterpillars which develop 
into butterflies, maggots which develop into flies, and grubs which 
develop into beetles. These insects and others that when they 
emerge from the egg-shell bear almost no resemblance in form to the 
adult are said to undergo a complete metamorphosis or a holometabolous 
development. 


The Holometabola.—Those orders that are characterized by a 
holometabolous development are grouped together as the Holometib- 
ola. This group includes the Neuroptera, Mecoptera, Trichoptera, 
Lepidoptera, Diptera, Siphonaptera, Coleoptera, and Hymenoptera. 

This grouping together of these orders, while convenient for dis- 
cussions of metamorphosis, is doubtless artificial. It is not at all 
probable that the Holometabola is a monophylitic group. In other 
words complete metamorphosis doubtless arose several times inde- 
pendently in the evolution of insects. 


The term larva.—The form in which a holometabolous insect 
leaves the egg is called larva. The term was suggested by a belief of 
the ancients that the form of the perfect insect was masked, the Latin 
word larva meaning a mask. 

Formerly the term larva was applied to the immature stages of all 
insects; but more recent writers restrict its use to the immature in- 


*Holometabolous: holos (8dos), complete; metabole (ueraBor%), change, 
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stars of insects with a complete metamorphosis; and in this sense 
only is it used in this book. 


The adaptive characteristics of larvee.—The larve of insects with 
complete metamorphosis, like the naiads of those with incomplete 
metamorphosis, exhibit an acquired form of body adapting them to 
special modes of life; and in this case the cenogenetic or “‘sidewise 
development” is much more marked than it is in insects with an 
incomplete metamorphosis. Here the form of the body bears but little 
relation to the form to be assumed by the adult, the nature of the 
larval life being the controlling factor. 

The differences in form between larve and adults are augmented 
by the fact that not only have larvee been modified for special modes 
of life, but in most cases the adults have been highly specialized for a 
different mode of life; and so great are these differences that a 
quiescent pupa stage, during which certain parts of the body can be 
made over, is necessary. 

Here, as in the case of insects with an incomplete metamorphosis, we have an 
illustration of the fact that natural selection can act on any stage in the develop- 
ment of animal to better adapt that particular stage to the conditions under which 
it exists. Darwin pointed out in his “Origin of Species” that at whatever age 
a variation first appears in the parent it tends to reappear at a corresponding age 
in the offspring. This tendency is termed homochronous heredity*. 

It is obvious that the greater the adaptive characteristics of the immature 
forms, the less does the ontogeny of a species represent the phylogeny of the 
race to which it belongs. This fact led Fritz Muller, in his ‘Facts for Darwin”, 
to make the aphorism ‘‘There were perfect insects before larvae and pupe.”’ The 
overlooking of this principle frequently results in the drawing of unwarranted con- 
clusions, by those writers on insects who cite adaptive larval characteristics as 
being more generalized than the corresponding features of the adult. 

The more obvious of the adaptive characteristics of larvee are the 
following: 

The form of the body.—As indicated above the form of the body of a 
larva bears but little relation to the form to be assumed by the adult, 
the nature of the larval life being the controlling factor in determining 
the form of the body. As different larve live under widely differing 
gituations, various types of larvee have been developed; the more 
important of these types are described later. 

The greater or less reduction of the thoracic legs.—In the evolution 
of most larvze there has taken place a greater or less reduction of the 
thoracic legs; but the extent of this reduction varies greatly. The 
larvee of certain Neuroptera, as Corydalus for example, have as perfect 


*Homéchronous: homos (sue’s), one and the same; chronos (xpévos), time. 
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legs as do naiads of insects with an incomplete metamorphosis. The 
larvae of Lepidoptera have short legs which correspond to only a part 
of the legs of the adult. While the larvee of Diptera have no external 
indications of legs. 

The development of prolegs in some larve.—A striking feature of 
many larve is the presence of abdominal organs of locomotion; these 
have been termed prolegs; the prolegs of caterpillars are the most 
familiar examples of these organs. 


The prolegs were so named because they were believed to be merely adaptive 
cuticular formations and not true legs; this belief arose from the fact that they are 
shed with the last larval skin. Some recent writers, however, regard the prolegs 
as true legs. It is now known that abdominal appendages are common in the 
embryos of insects; andthese writers believe that the prolegs are developed 
from these embryonic.:appendages, and that, therefore, they must be regarded as 
true legs. 

If this is true, there has taken place a remarkable reversal in the course of 
development. The abdominal legs, except those that were modified into append- 
ages of the reproductive organs, the gonapophyses, were lost early in the phylogeny 
of the Hexapoda. The origin of complete metamorphosis must have taken place 
at a much later period; when, according to this belief, the abdominal appendages, 
which had been latent for a long time, were redeveloped into functional organs. 


The development of tracheal gills —A striking feature of many larve 
is the possession of tracheal gills. This is obviously an adaptive 
characteristic the development of which was correlated with the 
assumption of aquatic life by forms that were primarily aerial; and 
it is also obvious that the development of tracheal gills has arisen 
independently many times; for they exist in widely separated families 
belonging to different orders of insects that are chiefly aerial. They 
are possessed by a few lepidopterous larve, and by the representatives 
of several families of Neuroptera, Coleoptera and Diptera. On the 
other hand, in the Trichoptera the possession of tracheal gills by the 
larvee is characteristic of nearly all members of the order. 


The internal development of wings—This is perhaps the most re- 
markable of the sidewise developments of larvee. Although larvz 
exhibit no external indications of wings, it has been found that the 
rudiments of these organs arise at as early a period in insects with a 
complete metamorphosis as they do in those with an incomplete 
metamorphosis; and that during larval life the wing rudiments attain 
an advanced stage in their development. But as these rudiments are 
invaginated there are no external indications of their presence during 
larval life. The details of the internal development of wings are dis- 
cussed later. 
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Occasionally atavistic individual larve are found which have 
external wing-buds. 

As to the causes that brought about the internal development of wings we 
can only make conjectures. It has occurred to the writer that this type of wing- 
development may have arisen as a result of boring habits, or habits of an analogous 
nature, of the stem forms from which the orders of the Holometabola sprang. 
Projecting wing-buds would interfere with the progress of a boring insect; and, 
therefore, an embedding of them in the body, thus leaving a smooth contour, 
would be advantageous. 

In support of this theory attention may be called to the fact that the larve 
of the most generalized Lepidoptera, the Hepialide, are borers; the larvz of the 
Siricide, which are among the more generalized of the Hymenoptera are borers; 
so too are many Coleoptera; most larve of Diptera are burrowers; and <he larvee 
of Trichoptera live in cases. 

The retarding of the development of the compound eyes.—One of the 
most distinctively characteristic features of larve is the absence of 
compound eyes. The life of most larve is such that only limited 
vision is necessary for them; and correlated with this fact is a retard- 
ing of the development of the greater portion of the compound eyes; 
only a few separate ommatidia being functional during larval life. 

In striking contrast with this condition are the well-developed eyes 
of nymphs and naiads. 

The larve of Corethra and Panorpa are the only larve known to 
me that possess compound eyes. 

The invaginated conditions of the head in the larve of the more 
specialized Diptera.—The extreme of sidewise development is exhib- 
ited by the larve of the more specialized Diptera. Here not only are 
the legs and wings developed internally but also the head. This 
phenomenon is discussed later. 

The different types of larve.—As a rule, the larve of the insects of 
any order resemble each other in their more general characteristics, 
although they bear but little resemblance to the adult forms. Thus 
the grubs of Coleoptera, the caterpillars of Lepidoptera, or the mag- 
gots of Diptera, in most cases, can be recognized as such. Still in 
each of these orders there are larve that bear almost no resemblance 
to the usual type. As examples of these may be cited the water- 
pennies (Parnide, Coleoptera), the slug-caterpillars (Cochlidiide, 
Lepidoptera), and the larvee of Microdon (Diptera). 

To understand the variations in form of larve it should be borne 
in mind that the form of the body in all larve is the result of secondary 
adaptations to peculiar modes of life; and that this modification of 
form has proceeded in different directions and in varying degrees in 


different insects. 
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Among the many types of larve, there are a few that are of such 
common occurrenc2 as to merit distinctive names; the more im- 
portant of these are the following: 

Cam podeiform.—In many paurometabolous 
insects and in some holometabolous ones, the 
early instars resemble Campodea more or less in 
the form of the body (Fig. 202); such naiads 
and larve are described as campodetform. 

In this type, the body is long, more or less 
flattened, and with or without caudal sete; the 
mandibles are well developed; and the legs are 
not greatly reduced. Among the examples of 
this type are the larvee of most Neuroptera, and 
the active larve of many Coleoptera (Cara- 
bide, Dysticide, and the first instar of Me- 
loidz). 

Eruciform.—The eruciform type of larvee is 
well-illustrated by most larve of Lepidoptera 
and of Mecoptera; it is the caterpillar form 
(Fig. 203). In this type the body is cylindricai; 
the thoracic legs are short, having only the 
terminal portions of them developed; and the 
abdomen is furnished with prolegs or with 
E proleg-like cuticular folds. Although these 
Fig. 202.—Campodea larve move freely, their powers of locomo- 


eee (After ha are much less than in the campodeiform 
ype. 


Scarabeiform.—The common white grub, the larva of the May- 
beetle (Fig. 204) is the most familiar example of a scarabeiform larva. 


Fig. 203.—The silk-worm, an eruciform larva (After Verson). 


In this type the body is nearly cylindrical, but usually, especially 
when at rest, its longitudinal axis is curved; the legs are short; and 
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prolegs are wanting. This type is quite characteristic of the larvee 
of the Scarabeeide, hence the name; but it occurs in other groups 
of insects. 

The movements of these larve are 
slow; most of them live in the ground, 
or in wood, or in decaying animal or 
vegetable matter. 


Vermiform.—Those larve that are 
more or less worm-like in form are 
termed vermiform. The most striking 

yal features of this type are the elongated 
Fig. 204.—Larva of Melolontha form of the body and an absence of 
vulgaris (After Schiodte). : ; 
locomotive appendages (Fig. 205). 

Nauplitform.—The term nauplitform is applied to the first instar 
of the larva of Platygaster (Fig. 206), on account of its ? 
resemblance to the nauplius of certain Crustacea. 


The prepupa.—Usually the existence of an instar 
between the last larval one and the pupal instar is not 
recognized. But such a form exists; and the recogni- 
tion of it becomes important when a careful study is 
made of the development of holometabolous insects. 
As is shown later, during larval life the develop- 
ment of the wings is going on within the body. As 
the larva approaches maturity, the wings reach an 
advanced stage of development within sac-like invagi- 
nations of the body-wall. Near the close of the last 
larval stadium the insect makes preparation for the 
change to the pupa state. Some form a cell within 
which the pupa state is passed, the larve of butter- 
flies suspend themselves, and most larve of moths spin 
acocoon. Then follows a period of apparent rest before 
the last larval skin is shed and the pupal state assumed. 
But this period is far from being a quiet one; within 
the apparently motionless body important changes rap n es 
take place. The most easily observed of these Larva of a 
changes is a change in the position of the wings. crane-fly. 
Fach of these passes out through the mouth of the sac in which it has 
been developed, and lies outside of the newly developed pupal cuti- 
cula, but beneath the last larval cuticula. Then follows a period of 
variable duration in different insects, in which the wings are really 


186 AN INTRODUCTION TO ENTOMOLOGY 


outside of the body although still covered by the last larval cuticula; 
this period is the prepupal stadium. The prepupal instar differs 
markedly from both the last larval one and from the 
pupa; for after the shedding of the last larval cuticula 
important changes in the form of the body take place 
before the pupal instar is assumed. 

The pupa.—The most obvious characteristics of the 
pupa stateare, exceptina few cases, inactivity and help- 
lessness. The organs of locomotion are functionless, 
and may even be soldered to the body throughout their 
entire length, asis usual with the pupe of Lepidoptera 

aes (Fig. 207). In other cases, as in the Coleoptera (Fig. 
Wal @ 5 BOO : : 
Larva of 208) and in the Hymenoptera, the wings and legs are 
Platygaster free, but enclosed in more or less sac-like cuticular 
(After Ganin.) ; x a 
sheaths, which put them in the condition of the pro- 
verbial cat in gloves. More than this, in most cases, the legs of the 
adult are not fully formed till near the end of the pupal stadium. 

The term pupa, meaning girl, was applied to this instar by Linnzus 
on account of its resemblance to a baby that has been swathed or 
bound up, as is the custom with 
many peoples. 


Although the insect during the pupal 
stadium is apparently at rest, this, from a 
physiological point of view, is the most 
active period of its postembryonic exist- 
ence; for wonderful changes in the struc- 
ture of the body take place at this time. 

In the development of a larva the primitive form of the body has been greatly 
modified to adapt it to its peculiar mode of life; this sidewise development results 
in the production of a type of body that is not at all fitted for the 
duties of adult life. Inthe case of aninsect with incomplete meta- 
morphosis, the full grown naiad needs to be modified comparatively 
little to fit it for adult life; but the change from a maggot to a fly, 
or from a caterpiller to a butterfly, involves not merely a change 
in external form but a greater or less remodeling of its entire 
structure. These changes take place during the period of apparent 
vest, the prepupal and pupal stadia. 


Fig. 207.—Pupa of a moth. 


The chrysalis—The term chrysalis is often applied to 

the pupze of butterflies. It was suggested by the golden 

beetle. spots with which the pupe of certain butterflies are 
ornamented. 

Two forms of this word are in use: first, chrysalis, the plural of 

which is chrysalides; and second, chrysalid, the plural of which is 
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chrysalids. The singular of the first form and the plural of the second 
are those most often used. 

Active pupe.—The pupe of mosquitoes and of certain midges are 
remarkable for being active. Although the wings and legs are func- 
tionless, as with other pup, these creatures are able to swim by 
means of movements of the caudal end of the body. 

In several genera of the Neuroptera (Chrysopa, Hemerobius, and 
Raphidia) the pupa becomes active and crawls about just before 
transforming to the adult state. 

Movements of a less striking character are made by many pupe, 
which work their way out of the ground, or from burrows in wood, 
before transforming. In some cases, as in the pupz of the carpenter- 
moths (Cossidze) the pupa is armed with rows of backward projecting 
teeth on the abdominal segments, which facilitate the movements 
within the burrow. 

The cremaster—Many pupe, and especially those of most Lepidop- 
tera, are provided with a variously shaped process of the posterior 
end of the body, to which the term cremaster is applied. This process 
is often provided with hooks which serve to suspend the pupa, as in 
butterflies, or to hold it in place, after it has partly emerged from the 
cocoon, and while the adult is emerging from the pupal skin, as in 
cocoon-making moths. In its more simple form, where hooks are 
lacking, it aids the pupa in working its way out of the earth, or from 
other closed situations. 

The method of fixing the cremaster in the disk of silk from which 
the pupa of a butterfly is suspended was well-illustrated by C. V. Riley 
(79). The full grown larva spins this disk and hangs from it during 
the prepupal stadium 
by means of its anal 
prolegs (Fig. 209, a). 
When the last larval 
skim, 18 shed; it is 
worked back to the 
caudal end of the body 
(Fig. 209, b); and is 
then grasped between 
Fig. 209.—Transformations of the milkweed butter- two of the abdominal 

fly (From Riley). segments (Fig. 209, c,) 
while the caudal end of the body is removed from it; and thus the 
cremaster is freed, and is in a position from which it can be inserted 
in the disk of silk. 


188 AN INTRODUCTION TO ENTOMOLOGY 


The cocoon.—The pupal instar is an especially vulnerable one. 
During the pupal life the insect has no means of offence, and having 
exceedingly limited powers of motion, it has almost no means of 
defense unless an armor has been provided. 

Many larve merely retreat to some secluded place in which the 
pupal stadium is passed; others bury themselves in the ground; and 
still others make provision for this helpless period by spinning a silken 
armor about their bodies. Such an armor is termed a cocoon. 

The cocoon is made by the full-grown larva; and this usually 
takes place only a short time before the beginning of the pupal stadium. 
But in some cases several months elapse between the spinning of the 
cocoon and the change to pupa, the cocoon being made in the autumn 
and the change to pupa taking place in the spring. Of course a 
greater or less portion of this period is occupied by the prepupal 
stadium. 

Cocoons are usually made of silk, which is spun from glands 
already described. In some cases, as in the cocoons of Bombyx, the 
silk can be unwound and utilized by man. 

While silk is the chief material used in the making of cocoons, it is 

by no means the only material. Many wood-boring 
larvae make cocoons largely of chips. Many insects that 
undergo their transformation in the ground incorporate 
earth in the walls of their cocoons. And hairy cater- 
pillars use silk merely as a warp to hold together a 
woof of hair, the hairs of the larva being the most con- 
spicuous element in the cocoon. 
In those cases in which silk alone is used there is a 
{ great variation in the nature of the silk, and in the den- 
sity of the cocoon. The well-known cocoons of the 
saturniids illustrate one extreme in density, the cocoons 
of certain Hymenoptera, the other. 

The fiberous nature of the cocoon is usually obvious; 
but the cocoons of saw-flies appear parchment-like, and 
Higa 5 i re the cocoons of the sphecids appear like a delicate foil. 

eocoonmar While in the more common type of cocoons the 
res sue wall is a closely woven sheet, there are cocoons that 
from which &te lace-like in texture (Fig. 210). 
earl has Modes of escape from the cocoon.—The insect, having 
ss walled itself in with a firm layer of silk, is forced to meet 
the problem of a means of escape from this inclosure; a problem 
which is solved in greatly varied ways. 
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In many insects in which the adult has biting mouth parts, the 
adult merely gnaws its way out by means of its mandibles In some 
cases, as the Cynipide, it is said that this is the only use made of 
its mandibles by the adult. 

In some cases the mandibles with which the cocoon is pierced per- 
tain to the pupal instar, this is true of Chrysopa and Hemerobius; 
and the Trichoptera break out from their cases, by means of their 
mandibles, while yet in the pupal state. 

For those insects in which the adult has sucking mouth parts, the 
problem is even more difficult. Here it has been met in several quite 
distinct ways. The pupz of many Lepidop- 
tera possess a specialized organ for breaking 
through the cocoon; in some the anterior 
end of the pupa is furnished with a toothed 
crest (Lithocolletes hamadryella); in certain -satur- 
niids there is a pair of large, stout, black spines, 
one on each side 
of the thorax, at 
the base of the 
fore wings with 
which the adult 
cutsaslitinthe Fig. 212.—Cocoon of Megalopyge oper- 
cocoon through “™“/27#5- 
which the moth emerges, this was observed by 
Packard in Tropea luna; but as these spines are 
present in other saturniids, where the cocoon is too 
dense to be cut by them, and where an opening is 
made in some other way, 
it is probable that, as a 
rule, their function is loco- 
motive, aiding the,moth to 
work its way out fromthe «gg 
Fig. 211.—Longi- cocoon, by a wriggling 

tudinal section motion. 

ih one One of the ways in 

methea;v,valve- which saturniids pierce 

cee “for the their cocoons is that practiced by Bombyx and Telea. 

escape of the ‘These insects soften one end of the cocoon by a 

eae liquid, which issues from the mouth; and then, by 
forcing the threads apart or by breaking them, make an opening. 


A=} 


Fig. 213.—Old cocoon of 
Megalopyge opercularts. 
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Far more wonderful than any of the methods of emergence from 
the cocoon described above are those in which the larva makes pro- 
vision for the escape of the adult. The most familiar of these is that 
practiced by the larvee of Samia cecropia and Callosamia promethea. 
These larvee when they spin their cocoons construct at one end a coni- 
cal valve-like arrangement, which allows the adult to emerge without 
the necessity of making a hole through the cocoon (Fig. 211, 0). A 
less familiar example, but one that is fully as wonderful, is that of 
a Megalopyge. The larva of this species makes a cocoon of the 
form shown in Figure 212. After an outer layer of the cocoon has 
been made, the larva constructs, near one end of it, a hinged partition; 
this serves as a trap door, through which the moth emerges. That 
part of the cocoon that is outside of the partition is quite delicate and 
is easily destroyed. Hence most specimens of the cocoons in col- 
lections present the appearance represented in Figure 213. 

The puparium.—The pupal stadium of most Diptera is passed 
within the last larval skin, which is not broken till the adult fly is 
ready to emerge. In this case the larval skin, which becomes hard 
and brown, and which serves as a cocoon, is termed a 
puparium. Insome families the puparium retains the 
form of the larva; in others the body of the larva 
shortens, assuming a more or less barrel-shaped form, 
before the change to a pupa takes place (Fig. 214). 

Modes of escape from the puparium.—The pupe of 
the more generalized Diptera escape from the pupa- 
rium through a T-shaped opening, which is formed by 
a lengthwise split on the back near the head end anda 
crosswise split at the front end of this (Fig. 215), or 
rarely, through a cross-wise split between the seventh 
Fig. 214.—Pupa- and eighth abdominal segments. In the more special- 

ori of Try-ized Diptera there is developed a large bladder-like 

organ, which is pushed out from the front of the head, 
through what is known as the frontal suture, and by which the head 
end of the puparium is forced off. This organ is known as the ptilinum. 
After the adult escapes, the ptilinum is withdrawn into the head. 

The Different types of pupe.—Threetypes w __- 
of pupe are commonly recognized; these ie Tom : ae aS 
are the following: Fig. 215.—Puparium ofa 

Exarate pupe.—Pupze which, like those SEE EG 


of the Coleoptera and Hymenoptera, have the legs and wings free, 
are termed exarate pupz. 
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Obtected pupe.—Pupe which like the pupz of Lepidoptera, have 
the limbs glued to the surface of the body, are termed obtected pupz. 

Coarctate Pupe.—Pupe that are enclosed within the hardened 
larval skin, as is the case with the pupz of most of the Diptera, are 
termed coarctate pupa. 


The imago—The fully developed or adult insect is termed the 
wmago. 

The life of the imago is devoted to making provision for the 
perpetuation of the species. It is during the imaginal stadium that 
the sexes pair, and the females lay their eggs. With many species 
this is done very soon after the last ecdysis; but with others the egg- 
laying is continued over a long period; this is especially true with 
females of the social Hymenoptera. 


h. WYPERMETAMORPHOSIS 


There are certain insects, representatives of several different orders 
that exhibit the remarkable peculiarity in their development that the 
successive larval instars represent different types of larve. Such 
insects are said to undergo a hypermetamorphosis. 

The transformations of several of these insects will be described 
later in the accounts of the families to which they belong; and for 
this reason, in order to avoid repetition, are not discussed here. The 
more striking examples are Mantispa, Meloe, Stylops, and Platy- 
gaster. 

1. VIVIPAROUS INSECTS 

There are many insects that produce either nymphs or larve 
instead of laying eggs. Such insects are termed wviparous. This 
term is opposed to oviparous, which is applied to those insects that lay 
eggs that hatch after exclusion from the body. 

It has been pointed out in the discussion of the reproductive organs that, from 
the primordial germ-cells, there are developed in one sex spermatoza and in the 
other eggs; and it should be borne in mind that the germ-cells produced in the 
ovary of a female from the primordial germ-cells are eggs. These eggs grow and 
mature; in some cases they become covered with a shell, in others they are not 
so covered; in some cases they are fertilized by the union of a spermatozoan with 
them, and in others they are never fertilized; but in all these cases they are eggs. 
We may say, therefore, that all insects are developed from eggs. 

A failure to recognize this fact has introduced confusion into entomological 
literature. Some writers have termed the germ-cells produced by agamic aphids 
pseudova or false eggs. But these germ-cells are as truly eggs as are those from 
which the males of the honeybee develop; they are merely unfertilized eggs. 
The term pseudovum conveys a false impression; while the phrase, an unfer- 
tilized egg, clearly states a fact. 
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Some writers make use of the term ovoviviparous indicating the production 
of eggs that have a well-developed shell or covering, but which hatch within the 
body of the parent; but the distinction is not fundamental, since viviparous ani- 
mals also produce eggs as indicated above. 


Among viviparous insects there are found every gradation from 
those in which the larvee are born when very young to those in which 
the entire larval life is passed within the body of the parent. There 
also exist examples of viviparous larve, viviparous pup, and vivi- 
parous adults. And still another distinction can be made; in some 
viviparous insects the reproduction is parthenogenetic; in others it 
is sexual. 


Viviparity with parthenogenetic reproduction.—In certain vivipar- 
ous insects the reproduction is parthenogenetic; that is, the young are 
produced from eggs that are not fertilized. This type of reproduction 
occurs in larvee, pup, and apparently in adults. 

Pedogenetic Larve.—In 1862 Nicholas Wagner made the remark- 
able discovery that certain larve belonging to the Cecidomytide give 
birth to living young. This discovery has been confirmed by other 
observers, and for this type of reproduction the term pedogenesis, 
proposed by Von Baer, has come into general use. This term is also 
spelled pedogenesis; the word is from pedo or pedo, a child, and genesis. 

The phenomenon of peedogenesis is discussed later in the accounts 
of the Cecidomyiide and of the Micromalthide. 

Pedogenetic pupe.—The most frequently observed oxamples of 
peedogenetic reproduction are by larve; but that pupz also are some- 
times capable of reproduction is shown by the fact that Grimm (’70) 
found that eggs laid by a pupa of Chironomus grimmit, and of course 
not fertilized, hatched. 

Anton Schneider (’85) found that the adults of this same species of 
Chironomus reproduced parthenogenetically. This species, therefore, 
exhibits a transition from paedogenesis to normal parthenogenesis. 

Viviparous adult agamic females —There may be classed under this 
class provisionally, the agamic females of the Aphidide; as these are 
commonly regarded as adults. It has been suggested, however, that 
the agamic reproduction of the Aphids may be a kind of padogenesis; 
the agamic females being looked upon as nymphs. This however, is 
not so evident in the case of the winged agamic generation. On the 
other hand, the reproductive organs of the agamic aphids are incom- 
pletely developed, as compared with those of the sexual forms, lacking 
@ spermatheca and colleterial glands. 
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This discussion illustrates the difficulty of attempting to make sharp distinc- 
tions, whereas in nature all gradations exist between different types of structure 
and of development. Thus Leydig ('67) found a certain aphid to be both Ovipar- 
ous and viviparous; the eggs and the individuals born as nymphs being produced 
from neighboring tubes of the same ovary. 

Viviparity with sexual reproduction.— Although most insects that 
reproduce sexually are oviparous, there are a considerable number in 
which sexual reproduction is associated with viviparity. 

Among these sexual viviparous insects there exist great differences 
in method of reproduction; with some the young are born in a very 
immature stage of development, a stage corresponding to that in 
which the young of oviparous insects emerge from the egg; while 
with others the young attain an advanced stage of development 
within the body of the mother. 

Sexual viviparous insects giving birth to nymphs or larve.—That 
type of viviparity in which sexual females give birth to very immature 
nymphs or larvee exists in more or less isolated members of widely 
separated groups of insects. As the assumption of this type of repro- 
duction involves no change in the structure of the parent, but merely 
a precocious hatching of the egg, it is not strange that it has arisen 
sporadically and many times. In some cases, however, the change is 
not so slight as the foregoing statement would imply; as, for example, 
in the case of the viviparous cockroach, which does not secrete 
oothece as do other cockroaches. 

Among the recorded examples of this type of viviparity are 
representatives of the Ephemerida, Orthoptera, Hemiptera, Lepi- 
doptera, Coleoptera, Strepsiptera, and Diptera. 

Sexual viviparous insects giving birth to old larve—The mode of 
reproduction exhibited by these insects is doubtless the most excep- 
tional that occurs in the Hexapoda, involving, as it does, very impor- 
tant changes in the structure of the reproductive organs of the fe- 
males. 

With these insects the larve reach maturity within the body of the 
parent, undergoing what is analogous to an intra-uterine develop- 
ment, and are born as full-grown larvee. This involves the secretion 
of a “‘milk’’ for the nourishment of the young. 

This mode of reproduction is characteristic of a group of flies, 
including several families, and known as the Pupipara. This name 
was suggested for this group by the old belief that the young are born 
as pupz; but it has been found that the change to pupa does not take 
place till after the birth of the larva. 
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The reproduction of the sheep-tick, Melophagus ovinus, may be 
taken as an illustration of this type of development; this is described 
in the discussion of the Hippoboscide, the family to which this insect 
belongs. 

The giving birth to old larvee is not restricted to the Pupipara. 
Surgeon Bruce (quoted by Sharp, ’99) has shown that the Tsetse fly, 
Glossina morsitans, reproduces in this way, the young changing to 
pupz immediately after birth. 

An intermediate type of development is illustrated by Hylemyia 
strigosa, a dung-frequenting fly belonging to the Anthomytide. 
This insect, according to Sharp (’99), produces living larve, one at a 
time. ‘These larve are so large that it would be supposed they are 
full-grown, but this is not the case, they are really only in the first 
stage, an unusual amount of growth being accomplished in this 
stadium.” 


j. NEOTEINIA 


The persistence with adult animals of larval characteristics has 
been termed neoteinia* or neotenta. When this term first came into 
use it was applied to certain amphibians, as the axolotle, which retains 
its gills after becoming sexually mature; but it is now used also in 
entomology. 

The most familiar examples of neoteinic insects are the glow- 
worms, which are the adult females of certain beetles, the complemen- 
tal females of Termites, and the females of the Strepsiptera. 


II. THE DEVELOPMENT OF APPENDAGES 


In the preceding pages the more obvious of the changes in the 
external form of the body during the metamorphosis of insects and 
some deviations from the more common types of development have 
been discussed. The changes in the form of the trunk that have been 
described are those that can be seen without dissection; but it is 
impracticable to limit a discussion of the development of the appen- 
dages of the body in this way, for in the more specialized types of 
metamorphosis a considerable part of the development of the appen- 
dages takes place within the body-wall. 


*Nooteinia: neos (véos), youthful; teinein (rele), to stretch. 
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@ THE DEVELOPMENT OF WINGS 


Two quite distinct methods of development of wings exist in 
insects; by one method, the wings are developed as outward project- 
ing appendages of the body; by the other, they reach an advanced 
stage of development within the body. The former method of 


development takes place with nymphs and naiads, the latter with 
larvee.* 


1. The Development of the Wings of N ie and Naiads 


In insects with a gradual or with an incomplete metamorphosis the 
development of the appendages proceeds in a direct manner. The 
wings of nymphs and naiads are sac-like outgrowths of the body-wall, 
which appear comparatively early in life and become larger and larger 
with successive molts, the expanding of the wing-buds taking place 
immediately after the molt; an illustration of this has been given in 
the discussion of gradual metamorphosis, page 175. 


2. Development of the Wings in Insects with a Complete 
Metamorphosis 


Although there are differences in details in the development of the 
wings in the different insects undergoing a complete metamorphosis, 
the essential features are the same in all. The most striking feature 
is that the rudiments of the wings, the wing-buds, arise within the 
body and become exposed for the first time when the last larval skin 
is shed. The development of the wings of the cabbage butterfly 
(Pontia rape) will serve as an example of this type of development of 
wings. The tracing of that part of this development which takes 
place during the larval life can be observed by making sections of the 
body-wall of the wing-bearing segments of the successive instars of 
this insect. 

The first indication of a wing-bud is a thickening of the hypo- 
dermis; this thickening, known as a histoblast or an imaginal disc, 
has been observed in the embryos of certain insects, in the first 
larval instar of the cabbage butterfly it is quite prominent (Fig. 
216, a). During the second stadium, it becomes more prominent 
and is invaginated, forming a pocket-like structure (Fig. 216, b). 
During the third stadium a part of this invagination becomes 
thickened and evaginated into the pocket formed by the thinner 


*Only the more general features of the development of wings are discussed 
here. Fora fuller account see ‘‘The Wings of Insects’’ (Comstock 12. <°. 
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portions of tae invagination (Fig. 216, c). During the fourth 
stadium, the evaginated part of the histoblast becomes greatly 
extended (Fig. 216, d). 
It is this evaginated 
portion of the histo- 
blast that later be- 
comes the wing. Dur- 
ing the fifth stadium 
the wing-bud attains 
the form shown in 
Figure 216, e, which 
represents it dissected 
out of the wing-pocket 
At the close of the last 
larval stadium, the 
fifth, the wingis pushed 
out from the wing-poc- 
ket, and lies under the 
old larval cuticula dur- 
ing the prepupal sta- 
dium. It is then of 
the form shown in 
Figure 216, f. The 
molt that marks the 
beginning of the pupal 
stadium, exposes the 
wing-buds, which in 
ithe Lepidoptera be- 
come closely soldered 
to the sides and breast 
of the pupa. Imme- 
diately after the last 
molt when the adult 
emerges, the wings 
Fig. 216.—Several stages in the development of the €xpand greatly and 
wings of a cabbage butterfly (After Mercer). assume their definitive 
form. 

While this increase in size and changes in form of the developing 
wing are taking place, there occur other remarkable developments in 
its structure. A connection is made with a large trachea near which 
the histoblast is developed, shown in cross-section in the first four 
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parts (a, b, c, and d) of Figure 216; temporary respiratory organs, 
consisting of bundles of tracheoles, are developed (e and f); and later, 
near the close of the larval period, the tracheze of the wing are devel- 
oped, and the bundles of tracheoles disappear. During the later 
stages in the development of the wing the basement membranes of the 
hypodermis of the upper and lower sides of the wing come together, 
except along the lines where the veins are to be developed later, and 
become united. In this way the wing is transformed from a bag-like 
organ to a sheet-like one. The lines along which the two sides of the 
wing remain separate are the vein cavities; in these the trunks of the 
wing-tracheze extend. During the final stages of the development of 
the wing, the walls of the vein-cavities are thickened, thus the wing- 
veins are formed; and the spaces between the wing-veins become thin. 

By reference to Figure 216, ¢ and d, it will be seen that the histo- 
blast consists of two quite distinct parts, a greatly thickened portion 
which is the wing-bud and a thinner portion which connects the wing- 
bud with the hypodermis of the body-wall, and which constitutes the 
neck of the sac-like histoblast, this is termed the per1podal membrane, 
a term suggested by the similar part of the histoblast of a leg; and the 
enclosed cavity is known as the pertpodal cavity. 

In the more specialized Diptera, the peripodal membranes are 
very long and both the wing-buds and the leg-buds are far removed 
from the body-wall. A condition intermediate between that which 
exists in the Lepidoptera, as shown in Figure 216, and that of the 
more specialized Diptera was found by Kellogg (’07) in the larva of 
Holorusia rubiginosa, one of the 
crane-flies (Fig. 217). 


b. THE DEVELOPMENT OF LEGS 


The development of the legs 
proceeds in widely different ways 
Bi AGES le See My One Fig. 217.—Wing-bud in the larva of the 
more generalized horns athe giant crane-fly, Holorusia rubiginosa; 
legs of the embryo reach an fy, pypodeamss om, Dorp (Atte 
advanced stage of development Kellogg). 
before the nymph or naiad 
leaves the egg-shell, and are functional when the insect is born; on 
the other hand, in those specialized insects that have vermiform larve, 
the development of the legs is retarded, and these organs do not 
become functional until the adult stage is reached. Almost every 


conceivable intergrade between these two 2xtremes exist. 
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1. The Development of the Legs of Nymphs and of Natads 


In insects with a gradual metamorphosis and also in those with an 
incomplete metamorphosis the nymph or naiad when it emerges from 
the eggshell has well-developed legs, which resemble quite closely 
those of the adult. The changes that take place in the form of the 
legs during the postembyronic development are comparatively slight; 
there may be changes in the relative sizes of the different parts; and 
in some cases there is an increase in the number of the segments of the 
tarsus; but the changes are not sufficiently great to require a descrip- 
tion of them here. 


2. The Development of the Legs in Insects with a Complete Metamor- 
phosis 


It is a characteristic of most larvee that the development of their 
legs is retarded to a greater or less extent. This retardation is least 
in campodeiform larve, more marked in eruciform larvee, and reaches 
its extreme in vermiform larve. 


The development of the legs of insects with campodeiform larve.— 
Among the larve classed as campodeiform the legs are more or less 
like those of the adults of the same species; there may be differences 
in the proportions of the different segments of the leg, in the number 
of the tarsal segments, and in the number and form of the tarsal claws; 
but these differences are not of a nature to warrant a discussion of 
them here. These larvee lead an active life, like that of nymphs, 


and consequently the form of legs has not been greatly modified from 
the paurometabolous type. 


The development of the legs of insects with eruciform larve.—In 
caterpillars and other eruciform larvee the thoracic legs are short and 
fitted for creeping; this mode of locomotion being best suited to their 
mode of life, either in burrows or clinging to foliage. This form of leg 
is evidently an acquired one being, like the internal development of 
wings, the result of those adaptive changes that fit these larvee to lead 
a very different life from that of the adults. 

In the case of caterpillars the thoracic legs are short, they taper 
greatly, and each consists of only three segments. It has been com- 
monly believed and often stated that the three segments of the larval 
leg correspond to the terminal portion of the adult leg; but studies of 
the development of the legs of adults have shown that the divisions 
of the larval leg have no relation to the five divisions of the adult leg. 
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It has been shown by Gonin (’92), Kellogg (or and ’o4), and 
Verson (’04) that histoblasts which are the rudiments of the legs of the 
adult exist within the body-wall of the caterpillar at the base of the 
larval legs. Late in the larval life the extremity of the legs of the 
adult are contained in the legs of the caterpillar. It has been shown 
that the cutting off of a leg of a caterpillar at this time results in a 
mutilation of the terminal part of the leg of the adult. 

The development of the legs of the adult within the body of cater- 
pillars has not been studied as thoroughly as has been the develop- 
ment of the wings; but enough is known to show that in some respects 
the two are quite similar; this is especially true of the development of 
the tracheoles and of the trachee. 


The development of the legs in insects with vermiform larve.—In 
vermiform larve the development of the entire leg is retarded. The 
leg arises as a histoblast, which is within the body and bears, in its 
more general features, a resemblance to the wing-buds of the same 
insect. The development of the legs of vermiform larve has been 
studied most carefully in the larve of Diptera. During the larval 
life the leg becomes quite fully developed within the peripodal cavity; 
in Corethra, they are spirally coiled; in Musca, the different segments 
telescope into each other. At the close of the larval period, the 
evagination of the legs takes place. 


Cc. THE DEVELOPMENT OF ANTENNZ 


1. The Transformation of the Antenne of Nymphs and of Natads 


In the case of nymphs and of naiads the insect when it emerges 
from the eggshell has well-developed antenne. The changes that 
take place during the postembryonic development are, as a rule,com- 
paratively slight; in most insects, an increase in the number of the 
segments of the antenne takes place; but in the Ephemerida, a reduc- 
tion in number of the antennal segments occurs. 


2. The Development of the Antenne in Insects with a Complete 
Metamorphosis 


One of the marked characteristics of larve is the reduced condition 
of the antennz; even in the campodeiform larvee of the Neuroptera, 
where the legs are comparatively well-developed, the antenne are 
greatly reduced. 

In eruciform larve the development of the antennz follows a 
course quite similar to that of the legs. The larval antenne are small: 
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the antennz of the adult are developed from histoblasts within the 
head and during the latter part of the larval life are folded like the 
bellows of a closed accor- 

ve fa ne dian; at the close of this 
i period they become eva- 
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Fig. 218.—Sagittal section through headof old THE MOUTH-PARTS 
larva of Simulium, showing forming imaginal ; 3 
head parts within. Jc, larval cuticula; id, Great differences exist 


imaginal head-wall; /a, larval antenna; za, among insects with refer- 
imaginal antenna; ze, imaginal eye; Imd, : 

larval mandible; imd, imaginal mandible; ence to the comparative 
lmx, larval maxilla; imx, imaginal maxilla; structure of their mouth- 


li, larval labium; 71, imaginal labium (From ; a od 
Kellogg). parts in their immature 
and adult instars. In 
some insects the immature instars have essentially the same type of 
mouth-parts as the adults; in most of these cases, the mouth-parts are 
of the biting types, but in the Homoptera and Heteroptera both 
nymphs and adults have them fitted for sucking; in many other 
insects, the mouth-parts of the larve are fitted for biting while those of 
adults are fitted for sucking; and in still others, as certain maggots, the 
development of the mouth-parts is so retarded that they are first 
functional in the adult insect. Correlated with these differences are 
differences in the method of development of these organs. 

In those insects that have a gradual or incomplete metamorphosis 
and in the Neuroptera, the Coleoptera, and the Hymenoptera in part, 
the mouth-parts of the immature and adult instars are essentially of 
the same type. In these insects the mouth-parts of each instar are 
developed within the corresponding mouth-parts of the preceding 
instar. At each ecdysis there is a molting of the old cuticula, a 
stretching of the new one before it is hardened, a result of the growth 
in size of the appendages, and sometimes an increase in the number 
of the segments of the appendage. Ina word, the mouth-parts of the 
adult are developed from those of the immature instar in a compara- 
tively direct manner. In some cases, however, where the mouth- 
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parts of the larva are small and those of the adult are large, only the 
tips of the developing adult organs are within those of the larva at the 
close of the larval period, a considerable part of the adult organs being 
embedded in the head of the old larva. 

In a few Coleoptera and Neuroptera (the Dytiscida, Myrme- 
leonide, and Hemerobiide) the larve, although mandibulate, have 
the mouth-parts fitted for sucking. In these cases the form of the 
moutn-parts have been modified to fit them for a peculiar method of 
taking nourishment during the larval life. The mouth-parts of the 
adults are of the form characteristic of the orders to which these 
insects belong. 

In those insects in which the larve have biting mouth-parts and 
the adults those fitted for sucking, the development is less direct. In 
the Lepidoptera, for example, to take an extreme case, there are great 
differences in the developme.1¢ of the different organs; within the 
mandibles of the old larvae there are no developing mandibles, these 
organs being atrophied in the adult; but at the base of each larval 
maxilla, there is a very large, invaginated histoblast, the developing 
maxilla of the adult; these histoblasts become evaginated at the 
close of the larval period, but the maxilla do not assume their defini- 
tive form till after the last ecdysis. 

The extreme modification of the more usual course of development 
of the mouth-parts is found in the footless and headless larvae of the 
more specialized Diptera. Here the mouth-parts do not appear 
externally until during the pupal stadium and become functional only 
when the adult condition is reached. See the figures illustrating the 
development of the head in the Muscide (Fig. 220). 

It should be noted that the oral hooks possessed by the larvee of the 
more specialized Diptera are secondarily developed organs and not 
mouth-parts in the sense in which this term is commonly used. These 
oral hooks serve as organs of fixation in the larvee of the Gistridz and 
as rasping organs in other larve. 


@€. THE DEVELOPMENT OF THE GENITAL APPENDAGES 


The development of the genital appendages of insects has been 
studied comparatively little and the results obtained by the different 
investigators are not entirely in accord; it is too early therefore to do 
more than to make a few general statements. 

In the nymphs of insects with a gradual metamorphosis rudimen- 
tary genital appendages are more or less prominent and their develop-, 
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ment follows a course quite similar to that of the other appendages of 
the body. 

In insects with a complete metamorphosis the genital appendages 
are represented in the larvee by invaginated histoblasts; the develop- 
ing appendages become evaginated in the transformation to the pupa 
state and assume their definitive form after the last ecdysis. 


Ill. THE DEVELOPMENT OF THE HEAD IN THE 
MUSCIDAi 


In the more generalized Diptera the head of the larva becomes, 
with more or less change, the head of the adult; the more important 
of these changes pertain to the perfecting of the organs of sight and the 
development of the appendages, the antennz and mouth-parts. 

But in the more specialized Diptera there is an anomalous retard- 
ing of the development of the head, which is so great that the larvee 
of these insects are commonly referred to as being acephalous. This 
retarded development of the head has been carefully studied by Weis- 
man ('64), Van Rees (’88) and Kowalevsky (’87). The accompanying 
diagrams (Fig. 220) based on those given by the last two authors illus- 
trate the development of the head in Musca, which will serve as an 
illustration of this type of development of the head. 

The larve of Musca 
are conical (Fig. 219); and 
\ the head-region is repre- 
y sented externally only by 

the minute apical segment 

of the conical body. It 

will be shown later that 
this segment is the neck of the insect, the developing head being 
invaginated within this and the following segments. This invagina- 
tion of the head takes place during the later embryonic stages. 

In Figure 220 are given diagrams, adapted from Kowalevsky and 
Van Rees, representing three stages in the development of the head of 
Musca. Diagram A represents the cephalic end of the body of a 
larva; and diagram B and C, the corresponding region in a young and 
in an old pupa respectively; the parts are lettered uniformly in the 
three diagrams. 

The three thoracic segments (1, 2, and 3) can be identified by the 
rudiments of the legs (!, 2, and I’), In the larva (A) the leg-buds 
are far within the body, the peripodal membrane being connected with 


Fig. 219.—Larva of the house-fly, Musca 
domestica (After Hewitt). 


THE METAMORPHOSIS OF INSECTS 203 


the hypodermis of the body-wall by a slender stalk-like portion. In 
the young pupa (B) the peripodal membranes of the histoblasts of the 
legs are greatly shortened and the leg-buds are near the surface of the 
body; and in the old pupa (C) the leg-buds are evaginated. The 
wing-buds are omitted in all of the diagrams. 

In the first two segments of the body of the larva (A) there is a 
cavity (pl) which has been termed the “‘pharynx’’; this is the part in 
which the oral hooks characteristic of the larve of the Muscide 
develop. The name pharynx is unfortunate as this is not a part of the 
alimentary canal; it is an invaginated section of the head, into the 
base of which the cesophagus (@) now opens. 

In the figure of the larva (A) note the following parts: the 
cesophagus (@); the ventral chain of ganglia (vg), the brain (b), anda 


Fig. 220.—Development of the head in the Muscide. A, larva; B, young pupa; 
C, old pupa (From Korschelt and Heider after Kowalevsky and Van Rees). 


sac (ba) extending from the so-called pharynx to the brain. There are 
two of these sacs, one applied to each half of the brain, but only one of 
these would appear in such a section as is represented by the diagram. 
These sacs were termed the brain-appendages by Weismann. In each 
of the “brain-appendages”’ there is a disc-like thickening near the 
brain, the optic disc (od); this is a histoblast which develops into a 
compound eye; in front of the optic disc there is another prominent 
histoblast; the frontal disc (fd), upon which the ruciment of an antenna 
(at) is developed. 

In the larva the brain and a considerable part of the “‘brain- 
appendages” lie within the third thoracic segment. In the young 
pupa (B) these parts have moved forward a considerable distance; 
and in the old pupa (C) the head has become completely evaginated. 
The part marked p in the two diagrams of the pupa is the rudiment 
of the proboscis. 
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By comparing diagrams B and C it will be seen that what was the 
tip of the first segment of the larva and of the young pupa (++) 
becomes the neck of the insect after the head is evaginated. 


IV. THE TRANSFORMATIONS OF THE INTERNAL 
ORGANS 


Great as are the changes in the external form of the body during 
the life of insects with a complete metamorphosis, even greater changes 
take place in the internal organs of some of them. 

In the space that can be devoted to this subject in this work, only 
the more general features of the transformation of the internal organs 
can be discussed; there is an extensive and constantly increasing 
literature on this subject which is available for those who wish to study 
it more thoroughly. 

In insects with a gradual or with an incomplete metamorphosis 
there is a continuoustransformation of theinternalorgans, the changes 
in form taking place gradually: being quite comparable to the gradual 
de velopment of the external organs; but in insects with a complete 
metamorphosis, where the manner of life of the larva and the adult 
are very different, extensive changes take place during the pupal 
stadium. The life of a butterfly, for example, is very different from 
that it led as a caterpillar; the organs of the larva are not fitted to 
perform the functions of the adult; there is consequently a necessity 
for the reconstruction of certain of them; hence the need of a pupal 
stadium. Pupz are often referred to as being quiet; but physiologi- 
cally the pupal period is the most active one in the post-embryonic 
life of the insect. 

In those cases where a very marked change takes place in the 
structure of internal organs, there is a degeneration and dissolution of 
tissue, this breaking down of tissues is termed histdlysis. 

In the course of histolysis some cells, which are frequentiy leu- 
cocytes or white blood corpuscles, feed upon the debris of the disin- 
tegrating tissue; such a cell is termed a phagocyte, and the process 4 
termed phagocytosis. It is believed that the products of the digestion 
of disintegrating tissue by the phagocytes pass by diffusion into the 
surrounding blood and serve to nourish new tissue. 

After an organ has been more or less broken down by histolysis, 
the extent of the disintegration differing greatly in. different organs 
and in different insects, ther2 follows a growth of new tissue: this 
process is termed histogénesis. 
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The histogenetic reproduction of a tissue begins in the differentia- 
tion and multiplication of small groups of cells, which were not 
affected by the histolysis of the old tissue; such a group of cells is 
termed an wmaginal disc or a histoblast. They were termed imaginal 
discs on account of the disc-like form of those that were first described 
and because they are rudiments of organs that do not become func- 
tional till the imago stage; but the term histoblast is of more general 
application and is to be preferred. 

The extent of the transformation of the internal organs differs 
greatly in different insects. In the Coleoptera, the Lepidoptera, the 
Hymenoptera, and the Diptera Nemocera, the mid-intestine and 
some other larval organs are greatly modified, but there is no general 
histolysis. On the other hand, in the Diptera Brachycera, there is a 
general histolysis. In Musca all organs break down and are reformed 
except the central nervous system, the heart, the reproductive organs, 
and three pairs of thoracic muscles. Regarding the extent of the 
transformations in the other orders where the metamorphosis is com- 
plete we have, as yet, but little data. 

For a more detailed and exhaustive discussion of the morphology 
of insects the special student should consult the authoritative book 
by R. E. Snodgrass, ‘‘Principles of Insect Morphology”’ (1935). 


BA Rpeih 


THE CLASSIFICATION AND THE LIFE- 
HISTORIES OF INSECTS 


Ciass HEXAPODA 
The Insects 


The members of this class are air-breathing arthropods, with distinct 
head, thorax, and abdomen. They have one pair of antenna, three pairs 
of legs, and usually one or two pairs of wings in the adult state. In 
most adult insects the head bears a pair of compound eyes. The opening 
of the reproductive organs 1s near the caudal end of the body. 

The more general character of insects, together with their structure 
and morphology, has been discussed at some length in Part I of this 
book. Itis now appropriate to consider the classification, habits and 
life histories of insects. Part II will therefore be devoted to a dis- 
cussion of the subclasses, orders, and families of this great group of 
animals. 

The class Hexapoda is divided into two subclasses, the small 
wingless insects, Apterygota, and the winged insects, Pterygota. 
The subclass Apterygota is a small one, containing but three orders 
(four by some authors) and mostly unfamiliar forms except to those 
especially interested in these tiny creatures. The subclass Pterygota 
is a very large group including all of the remaining twenty-three 
orders discussed in this book. ‘This subclass contains all of the more 
familiar forms, such as grasshoppers, beetles, butterflies, moths, 
flies, wasps, and bees. 


CHAPTER V 


THE SUBCLASSES AND THE ORDERS OF THE 
CLASS HEXAPODA 


Insects constitute one of the classes of the Arthropoda, that 
division of the animal kingdom in which the body is composed of a 
series of more or less similar segments and in which some of these 
segments bear jointed legs. This class is known as the Hexapoda. 

The distinctive characteristics of the Class Hexapoda and its 
relation to the other classes of the Arthropoda are discussed in the 
first chapter of this work; we have now to consider the division of 
this class into subclasses and orders. 

The orders that constitute the Hexapoda represent two well-marked 
groups; this class is divided, therefore, into two subclasses. This 
division was first proposed by Brauer (’85), who recognized the fact 
that while the wingless condition of certain insects, the fleas, lice, 
bird-lice, and the wingless members of orders in which the wings are 
usually present, is an acquired one, the wingless condition of the 
Thysanura and Collembola is a primitive one. In other words, from 
the primitive insects, which were wingless, there were evolved on the 
one hand the orders Thysanura and Collembola, which remained 
wingless, and on the other hand, a winged form from which have 
descended all other orders of insects. 

An extended study of the wings of insects has shown that the 
wings of all of the orders of winged insects are modifications of a 
single type; it is believed, therefore, that all of the orders of winged 
insects have descended from a common winged ancestor. As to the 
lice, bird-lice, and fleas, the relation of each of these groups to certain 
winged insects, as shown by their structure, has led to the belief that 
their wingless condition is an acquired one, being the result of parasitic 
habits. The lice or Anoplura are commonly regarded as closely 
allied to the Homoptera and Heteroptera; the bird-lice or Mallophaga 
to the Corrodentia; and the fleas or Siphonaptera to the Diptera. 
Hence these wingless insects are placed with the winged insects in a 
single subclass. 

The two subclasses thus recognized were named by Brauer the 
Apterygogenea and the Pterygogenea respectively. The cumber- 
someness of these names led to the substitution for them of the 
shorter names Apterygota and Pterygota. The Apterygota includes 
the orders Thysanura and Collembola; and the Pterygota, all other 
orders of insects. Some writers regard the Thysanura and Collem- 
bola as suborders of a single order, which they term the Aptera. 

The distribution of insects into orders is based on the classification 
of Linneus, as set forth in his “Systema Nature” (1735-1768). 
Linneus, who has been called the Adam of zoological science, divided. 
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his class Insecta into seven orders; these he named Coleoptera, 
Hemiptera, Lepidoptera, Neuroptera, Hymenoptera, Diptera, and 
Aptera, respectively. 

Since the time of Linnzeus many modifications of his classification 
of insects have been proposed; and new ones are constantly appear- 
ing. The result is that now there is a great lack of uniformity in the 
classification used by different writers. 

The modifications of the Linnean distribution of insects into 
orders are based on the belief that in certain cases Linneeus grouped 
into a single order forms that really represent two or more distinct 
orders. The result has been a great increase in the number of orders 
recognized. 

Linnzus included in his class Insecta, under the order Aptera, 
not only wingless insects but also arachnids, crustaceans, centipedes, 
and millipedes. The animals thus grouped by Linnzus are now dis- 
tributed into several classes; and to the class composed of the animals 
now commonly known as insects, those characterized by the posses- 
sion of only six legs, the term Hexapodaiscommonly applied. Some 
writers, however, apply the term Insecta to the class of insects as 
now limited. 


Some of the more recently recognized orders of insects are repre- 
sented among living insects by comparatively few species; but in 
each case the structure of the insects included in the group is so differ- 
ent from that of ail other insects that we are led to believe that they 
represent a division of the class Hexapoda that is of ordinal value. 


There are given below the names of the orders of insects recognized 
in this work. The sequence in which these orders are discussed is of 
necessity a more or less arbitrary one. In general the plan adopted 
here is to make the series an ascending one; that is, the more gen- 
eralized or primitive insects are placed first and the more highly 
specialized ones later in the series; but as the different orders of 
insects have been specialized in very different ways, the relative de- 
grees of their specialization cannot be shown by arranging them in a 
single linear series, as must be done in a book. To indicate the 
different ways in which the different members of a group have been 
specialized and the relative rank of those specialized in a similar way, 
use must be made of a diagram representing a genealogical tree. 
Many such diagrams have been made, but no one of them has re- 
ceived general acceptance; much remains to be learned before such 
a diagram can be made that will inspire confidence in its accuracy. 


In the course of the preparation of a special treatise on the wings 
of insects (Comstock ’18 a), I wrote a table indicating the more strik- 
ing of the methods of specialization of the wings characteristic of 
each of the orders of winged insects; and in the discussion of the 
different orders, I followed the sequence indicated by this table. In 
doing this I did not advocate the basing of a classification of insects 
upon the characters presented by the wings alone, but merely made 
use of these characters for the purposes of that work. 
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A renewed study of the relationships of the different orders to each 
other, in which an effort has been made to correlate other characters 
with those presented by the wings, has not indicated the desirability 
of changesin the sequence of the orders indicated in that table, ex- 
cept in the allocation of those orders in which wings are wanting. 

The importance of the wings of insects for taxonomic purposes 
was early recognized by entomologists, as is well shown by the fact 
that the names of the Linnzan orders are all drawn from the nature 
of the wings, except one, Aptera, and that from the absence of wings. 

' The different methods of specialization of the wings arose very 
early in that part of the geological history of insects that is known 
tous. And as most of the fossil remains of the older insects consist 
of wings, we are forced to depend very largely on the characters 
presented by these organs for data regarding the separation of the 
primitive insects into the groups from which the orders of recent 
insects have been developed. But in characterizing the orders as they 
now exist all the results of the study of the structure of insects and 
of their transformations are available. 

Aside from the structure of the wings, the characters most used 
in characterizing the orders of insects are those presented by the 
structure of the mouth-parts and the nature of the post-embryonic 
development. While these characters are of value in defining the 
orders, but little use has been made of them, as yet, in working out 
the lines of descent of the various orders from the primitive insects. 

The primitive insects had chewing mouth-parts and this type has 
been retained in the greater number of the orders. But although 
many detailed accounts of the structure of the mouth-parts of chew- 
ing insects have been published, no one has worked out the various 
ways in which they have been specialized in such a manner as to in- 
dicate the phylogeny of the orders. 

Several different types of sucking mouth-parts exist among living 
insects; but these are apparently of comparatively late origin, and 
while they are of great value in defining the orders in which they 
occur, they do not afford characters for determining the primitive 
divisions of the Pterygota. 

The nature of the post-embryonic development of insects, like 
the structure of the mouth-parts, affords characters for defining the 
orders of recent insects, but is of little value in determining the 
phylogeny of the orders. 

The primitive insects doubtless developed without any marked 
metamorphosis as do the Thysanura and Collembola of today. With 
the development of wings, there arose that type of development 
known as gradual metamorphosis, and this type is retained by eight 
of the orders recognized in this work. Incomplete metamorphosis 
is the result of a sidewise development of the immature instars of the 
insects exhibiting it, in order to fit them for life in the water, and it 
doubtless arose independently in each of the three orders in which 
it occurs; it is therefore an ordinal characteristic in each case and not 
one indicating a natural group of orders. This is also true of com- 


HEXAPODA 209 


plete metamorphosis, which also doubtless arose independently in 
different divisions of the insect series, as, for example, in the Neurop- 
tera, which it is believed is a very ancient order, the origin of which 
was much earlier than the attainment of complete metamorphosis. 


TABLE OF THE METHODS OF SPECIALIZATION OF THE WINGS CHARACTERISTIC 
OF THE ORDERS OF WINGED INSECTS* 


This table is merely the result of an effort to indicate the more striking of 
the methods of specialization of the wings characteristic of each of the orders 
of insects. It is not a key for determining the orders of insects. It is not avail- 
able for this purpose; because, in many cases, the wings of an insect do not 
show the type of specialization characteristic of the order to which the insect 
belongs. Thus, for example, while the most characteristic modification of the 
courses of the wing-veins in the Diptera and Hymenoptera is due to the coales- 
cence of veins proceeding from the margin of the wing towards the base of the 
wing, there is no indication of this type of coalescence of veins in some of the 
nemocerous Diptera. 

A. Wings specialized by the development of supernumerary veins in the preanal 
area. 
B. Supernumerary veins of the accessory type. 
C. Wings developed externally. 

D. Wings retained throughout life. Wings without a striking contrast 
in the thickness of the veins of the anterior part of the wing and those 
OLmunemmddien portions eae ats leer name een ORTHOPTERA 

DD. Wings deciduous, there being near the base of each wing a trans- 

verse suture along which the wing is broken off after the swarming 

flight. Wings with the veins of the anterior part of the wing greatly 

thickened and those of the middle portion reduced to narrow lines 

PR ee Ara, Sean, coe te ect aida soelce einer ee ISOPTERA 

CG Wines developed internally) Ax: #,. cies se 5 cere NEUROPTERA 
BB. Supernumerary veins of the intercalary type. 

C. Flight-function cephalized; the hind wings being greatly reduced 


ATUEGIZC NERS «Metre ebsites ee «ete ce eceite aknes se EPHEMERIDA 

CC. Flight-function not cephalized; the hind wings as large as or larger 
thanathetroreqwing iy. same oer voc wcrnol ee, wu ekaien hearers Sean ODONATA 

4A. Wings specialized by a reduction in the number of veins in the preanal 


area. 
B. Wings developed externally. 
C. The two pairs of wings similar in texture. 
D. With the tendency to develop accessory veins retained.. PLECOPTERA 
DD. With the tendency to develop accessory veins in the preanal area 


lost. 
E. With the courses of some of the longitudinal veins modified so 
Ghats LOS ye LUnCtOMdS | CLOSS-VEIMS. lems dibs 2 ss erelve lel CORRODENTIA 


EE. The transverse bracing of the wing attained in the usual way. 
F. The veins of the wing bordered with dark bands... EMBIIDINA 
FF. The veins of the wing not bordered with dark bands. 

G. Wings long and narrow, supplemented by a wide fringe of 


harrseeak op eet tes Mee Geoticte acs Oe EE ee THYSANOPTERA 
GG. Wings not greatly narrowed and not supplemented by a 
WiC Carini Cros ait Gan enna tenis cies ce cies cites od HOMOPTERA 


CC. The front wings more or less thickened. | 
D. The front wings not greatly reduced in length as compared with 
the hind wings. 


E. The front wings thickened throughout............ HOMOPTERA 
EE. The front wings thickened at the base, the terminal portion 
ICI PLAT OUS eee Pome Mla sessatiael chet kel seitetces. Velarde. HETEROPTERA 

DD. The front wings greatly reduced in length...... .,. DERMAPTERA 


— 


*From ‘‘The Wings of Insects,’’ pp. 120-122. 


210 AN INTRODUCTION TO ENTOMOLOGY 


BB. Wings developed internally. 
C. Fore wings greatly thickened. 
D. Fore wings modified so as to serve as covers of the posterior wings 
CE ele enema eran eat eoae ete ment foie reys care rene trotters COLEOPTERA 


CC. The two pairs of wings similar in texture. 
D. With the tendency to develop accessory veins retained. . MECOPTERA 
DD. With the tendency to develop accessory veins lost. 
E. The most characteristic method of reduction of the wing-veins 
of the preanal area being by coalescence outward. 
F. Anal veins of the fore wings tending to coalesce at the tip. Wings 


<isuiallyancloveds wate hiairs permite mrtetnet i tetnet ster TRICHOPTERA 
Anal veins of the fore wings not tending to coalesce at the 
tiple WaneseGlothedswithesca les arnrter tree setae LEPIDOPTERA 


EE. The most characteristic method of reduction of the wing-veins 
of the preanal area being by coalescence from the margin of the 
ae inward. 

FP : 


sila) Coyallby? Cysts) jorewor LOH Webel, pacccoandoccndoboucd DIPTERA 
BRA ee Withetworm pairs) Ofmwingsrmye alee reir HYMENOPTERA 


The sequence in which the orders of insects are discussed in the 
following chapters has been determined by the above table. This 
sequence, like all linear arrangements of groups of organisms, is more 
or less arbitrary. Thus while there is an effort to place first the more 
generalized orders and later those that are more specialized, the 
putting together of orders exhibiting the same type of specialization 
results in some cases in the placing of comparatively generalized 
forms after those that are obviously more highly specialized. The 
position of the Plecoptera is an illustration of this. The insects of 
this order are evidently more generalized than, for example, the 
Neuroptera or the Odonata, which are placed earlier in the linear 
series. 


The comparatively high position assigned to the Plecoptera is, 
however, only apparent. A reference to the table will show that the 
orders of insects are grouped in two series, ‘‘A’’ and “AA”. Under 
“A” are placed those orders in which the wings are specialized by 
addition in the preanal area, and under ‘‘AA”’ those orders in which the 
wings are specialized by reduction in the preanal area. Each of these 
series includes some quite generalized insects and others that are 
highly specialized. The completion of the discussion of the first series 
before taking up the second series resultsin the generalized members 
of the second series following the highly specialized members of the 
first series. 


The more generalized members of these two series, the Orthoptera 
of the first series and the Plecoptera of the second series, are probably 
more closely allied to each other than is either of these orders to the 
more specialized orders of the series in which it is placed; the two 
series arose from a common starting point, the Paleodictyoptera, but 
have widely diverged in the course of their development. 

An even more striking illustration of the difficulty of indicating 
the relative ranks of orders by the use of a single linear series is the 
position of the Isoptera in the above table. This order is a very 
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ancient one; it separated from the Palzxodictyoptera before definite 
cross-veins in the wings had been developed and has not attained 
them. It is placed in the table next to the Orthoptera because the 
wings are specialized by the development of supernumerary veins of 
the accessory type and are developed externally; but the peculiar 
specialization of the wings is very different from that of the Orthop- 
tera as is indicated in the table. And in other respects the termites 
have reached a stage of development far in advance of that shown by 
any of the Orthoptera. They have attained a social mode of life, 
with the correlated separation of the species into several castes and 
the development of remarkable instincts. In this respect they rival 
the social Hymenoptera. 


In fact the living members of each of the orders of insects must be 
regarded as a group of organisms representing the results of speciali- 
zation in a direction different from that of any other order; and to 
attempt to decide which order is the “‘highest”’ seems as futile as the 
discussion by children of the question: ‘‘Which is better, sugar or 
salt?’ The list below indicates the sequence in which the orders are 
discussed in the following chapters. 


THE SUBCLASSES AND ORDERS OF THE HEXAPODA 


SUBCLASS APTERYGOTA.—Wingless insects in which the wingless condition is 
believed to be a primitive one, there being no indication that they descended 
from winged ancestors. 

ORDER PROTURA.—The Telson-tails. p. 218. 

ORDER THYSANURA.—The Bristle-tails. p. 219. 

ORDER COLLEMBOLA.—The Spring-tails. p. 225. 

SUBCLASS PTERYGOTA.—Winged insects and wingless insects in which the 
wingless condition is believed to be an acquired one. 

ORDER ORTHOPTERA.—The Cockroaches, Crickets, Grasshoppers, and others. 
D. 230. 

ORDER ZORAPTERA.—The genus Zorotypus. p. 270. 

ORDER ISOPTERA.—The Termites or White Ants. p. 273. 

ORDER NEUROPTERA.—The Dobson, Aphis-lions, Ant-lions, and others. p. 281. 

ORDER EPHEMERIDA.—The May-flies. p. 308. 

ORDER ODONATA.—The Dragon-flies and the Damsel-flies, p. 314. 

ORDER PLECOPTERA.—The Stone-flies. p. 325. 

ORDER CORRODENTIA.—The Psocids. p. 331. 

ORDER MALLOPHAGA.—The Bird-lice. p. 335. 

ORDER EMBIIDINA.—The Embiids. p. 338. 

ORDER THYSANOPTERA.—The Thrips. p. 341. 

ORDER ANOPLURA.—The Lice. p. 347. 

ORDER HOMOPTERA.—The Cicadas, Leaf-hoppers, Aphids, Scale-bugs, and 
others. p. 394. 

ORDER HEMIPTERA.—The True Bugs. p. 350. 

ORDER DERMAPTERA.—The Earwigs. p. 460. 

ORDER COLEOPTERA.—The Beetles. p. 464. 

ORDER STREPSIPTERA.—The Twisted Winged Insects. p. 546. 

ORDER MECOPTERA.—The Scorpion-flies. p. 550. 

ORDER TRICHOPTERA.—The Caddice-flies. p. 555. : 

ORDER LEPIDOPTERA.—The Moths, the Skippers, and the Butterflies. p. 571. 

ORDER DIPTERA.—The Flies. p. 773. 

ORDER SIPHONAPTERA.—The Fleas. p. 877. 

ORDER HYMENOPTERA.—The Bees, Wasps, Ants, and others. p. 884. 
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TA BLE FOR DETERMINING THE ORDERS OF THE HEXAPODA 


This table is merely intended to aid the students in determining to which of 
the orders a specimen that he is examining belongs. No effort has been made to 
indicate in the table the relation of the orders to one another. 7 : 

A. Winged. (The wing-covers, Elytra, of beetles and of earwigs are Wings.) 
B. With two wings. 
C. Wings horny, leathery, or parchment-like. 
D. Mouth-parts formed for sucking. Wings leathery, shortened, or 
faaYsraaloyaehaloybley cake Weer WhO, Jy SGCkacooccancasnounobooeace HEMIPTERA 
DD. Mouth-parts formed for biting. Jaws distinct. : : 
E. Wings horny, without veins. Hind legs not fitted for jumping. 


DS AO4 ten oe cieee ose civ cserssaate & ogeae va gears tees agers cs uelene © . COLEOPTERA 
EE. Wings parchment-like with a network of veins. Hind legs fitted 
nfo qieumornete, on Bebo chug andeounasooéuinoocsdr ORTHOPTERA 


CC. Wings membranous. 
D. Abdomen with caudal filaments. Mouth-parts vestigial. 
Hae tHalteresswantinga jo.) 300 saeiae eee tote ate era EPHEMERIDA 
EE. Halteres present (males of Coccide). p. 394...... HOMOPTERA 
DD. Abdomen without caudal filaments. Halteres in place of second 
wings. Mouth-parts formed for sucking. p. 773..... DIPTERA 
BB. With four wings. 
C._ The two pairs of wings unlike in structure. 
D. Fore wings reduced to slender club-shaped appendages; hind wings 
fan-shaped with radiating veins. Minute insects. p. 546..STREPSIPTERA 
DD. Front wings leathery at base, and membranous at tip, often over- 
lapping. Mouth-parts formed for sucking. p. 350...HEMIPTERA 
DDD. _ Front wings of same texture throughout. 
E. Aiea wings horny or leathery, being veinless wing-covers. (Ely- 
tra). 
F. Abdomen with caudal appendages in form of movable forceps. 
De, AOO Gay seater tensa Oh sgolns Geta Sueur Aarons eee DERMAPTERA 
FF. Abdomen without forceps-like appendages. p. 464. COLEOPTERA 
EE. Front wings leathery or parchment-like with a network of veins. 
F. . Under wings not folded; mouth-parts formed for sucking. 
G. Beak arising from the front part of the head. p. 350. HEMIPTERA 
GG. Beak arising from the hind part of the lower side of the head. 


Pir, GOA sires wats Garena ed Sel cskie ence aces om ae neem HOMOPTERA 
FF. Under wings folded lengthwise. Mouth-parts formed for 
Chewing Sip? 3 Oss cet dae meleek cient ho ORTHOPTERA 


Cla wS'e' 34 lias nn eer en Ley et ee ere ee THYSANOPTERA 
DD. Last joint of tarsi not bladder-like. 
E. Wings entirely or for the greater part clothed with scales. Mouth- 

DAtLSeOrmMed orks tClan en) aa 7, Demet eeIe ye a e LEPIDOPTERA 

EE. Wings naked, transparent, or thinly clothed with hairs, 

F. Mouth-parts arising from the hinder part of the lower surface of 
the head, and consisting of bristle-like organs inclosed in a jointed 
shiea thas Bt 394 seid Points « attioniehh ane he ee meonsign HOMOPTERA 

FF. Mouth-parts in normal position. Mandibles not bristle-like, 
G. Wings net-veined, with many veins and cross-veins. 


tarsi three-jointed. pi 24.e. ofan ase mentee. ODONATA 
JJ. Second pair of wings either small or wanting; tarsi 
four-jointedaip.yoseave teen th ene EPHEMERIDA 


J. _ Tarsi two- or three-jointed. 
K. Second pair of wings the smaller. p. 331. CORRODENTIA 
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KK. Second pair of wings broader, or at least the 
same size as the first pair. p. 325....PLECOPTERA 
JJ. Tarsi four-jointed; wings equal. p. 273..ISOPTERA 
HH. Tarsi consisting of five segments. 
I. Abdomen with setiform, many-jointed anal filaments. 
(CentameVay-ies) 5 pa308... ae sce eee EPHEMERIDA 
Abdomen without many-jointed anal filaments. 
J. Head prolonged intoa trunk-like beak.p. 550. MECOPTERA 
JJ. Head not prolonged into a beak. p. 281... NEUROPTERA 
GG. Wings with branching veins and comparatively few cross- 
veins, or veinless. 
H. Each of the veins of the wing extending along the middle of 
DRDLOW Me UMS wale 8 Sameer te is Ge cease eee EMBIIDINA 
HH. Wings not marked with brown lines. 
I. Tarsi two-or three-jointed. 
J._ Hind wings smaller than the fore wings. 
K. Cerci present; body less than three millimeters in 
lengthy 2 70:8 raceme Seer ee haters bik ZORAPTERA 
KK. Cerci absent; larger insects. p. 331..CORRODENTIA 
JJ. Posterior wings as large as or larger than the anterior 
ones. (Certain Stone-flies). p. 325........ PLECOPTERA 
II. Tarsi four- or five-jointed. 
J. Abdomen with setiform, many-jointed anal filaments. 
(CertainwMay-fies)s pe308:esu eset oe EPHEMERIDA 
JJ.. Abdomen without many-jointed anal filaments. 
K. Prothorax horny. First wings larger than the second, 
naked or imperceptibly hairy. Second wings without, 
or with few, unusually simple, veins. Jaws (mandibles) 
well developed. Palpi small. p. 884.... HYMENOPTERA 
KK. Prothorax membranous or, at the most, parchment- 
like. Second wings as large as or larger than the 
first, folded lengthwise, with many branching veins. 
First wings naked or thinly clothed with hair. Jaws 
(mandibles) inconspicuous. Palpi long. Moth-like 
IMSECUS PE DRS S Scere tis ee ore or ees TRICHOPTERA 
AA. Wingless or with vestigial or rudimentary wings. 
B. Insects with a distinct head and jointed legs, and capable of locomotion. 
C. Aquatic insects. 
D. Mouth-parts fitted for piercing and sucking. 
Ben Piree-swiniming nymphs: pl 350. 00 «ses ctr ae alsin HEMIPTERA 
EE. Larve parasitic in sponges (Sisyride). p. 281..... NEUROPTERA 
DD. Mouth-parts fitted for chewing. 

E. Either somewhat caterpillar-like larve that live in portable cases or 
campodeiform larve that spin nets for catching their food. (Caddice- 
WOUMIS) Se Dees 5 ye erectus aie wea eers aie ole miewore ie eFenereta sir TRICHOPTERA 

EE. Neither case-bearing nor net-spinning larve. , ; 
F. Naiads, that is, immature insects that resemble adults in having 

the thorax sharply differentiated from the abdomen, and, except in 
very young individuals, with rudimentary wings. ; 
G. Lower lip greatly elongated, jointed, capable of being thrust for- 
ward, and armed at its extremity with sharp hooks. p. 314. ODONATA 
GG. Lower lip not capable of being thrust forward. : 
H. Usually with filamentous tracheal gills on the ventral side 


OLMUEs DUOLAK wep ee 32 Sumas cee ramtars tet cute cadre: Fei PLECOPTERA 
HH. Tracheal gills borne by the first seven abdominal seg- 
AMETIES IE DMO Ge rete ts as hates aie ral oie EPHEMERIDA 


FF. Larve, that is, immature forms that do not resemble adults in 
the form of the body, and in which the developing wings are not 
visible externally. ‘ ; 

G. Several segments of the abdomen furnished with prolegs. 

LEPIDOPTERA 


eile anes is « ele, @ 6c) 6,0) 068 
eleveiele 6 6 eee te eee es hse « 
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H. With paired lateral filaments on most or on all of the ab- 


dominal segments. (Sialide). p. 281........-. NEUROPTERA 
See also Haliplide and Gyrinide. p. 464...... COLEOPTERA 
HH. Without paired lateral filaments on the abdomen. p. 464. 
COLEOPTERA 


chal a) ol at (6, taMeiheie: io, ott ellelisio erie val.ei eitere #1 eee Tenenen eine 9e ete. Sri 9iKhl i 9. (6! i8\-s)9) 


CC. Terrestrial insects. 
D. External parasites. 


E. Infesting the honey-bee. (Braula). p. 773....-+++++-: DIPTERA 
EE. Infesting birds or mammals. 
F. Body strongly compressed. (Fleas). p. 877... ..SIPHONAPTERA 


FF. Body not strongly compressed. 
G. Mouth-parts formed for chewing. (Bird-lice). p. 335. 
Te dig ana hee vanes POS FTN AO RS PMCS oT oon MALLOPHAGA 
GG. Mouth-parts formed for piercing and sucking. 
H. Antenne inserted in pits, not visible from above. (Pupi- 
(ENED KO Fin ea shed c uceuomnae Domes eC OAOP DIPTERA 
HH. Antenne exserted, visible from above. 
G. Tarsi with a single claw which is opposed by a toothed pro- 
oan OF WO whe, (WLS). 7 Miyfoacassoncocoece ANOPLURA 
GGWweLarsietwo-clawedan pr g5 Ou rere re rere HEMIPTERA 
DD. Terrestrial insects not parasites. 
E. Mouth-parts apparently retracted within the cavity of the head so 
that only their apices are visible, being overgrown by folds of the gene. 
F. Abdomen consisting of ten or eleven segments. (Campodeide and 


Japy pide) p7220 ites ee anita ra Gel ieee tae THYSANURA 
F. Abdomen consisting of not more than six segments. p. 225. 
EON PPC onl ota tanioks th Nateraeel aa wera cates COLLEMBOLA 


EE. Mouth-parts mandibulate, either fitted for chewing or with 
sickle-shaped mandibles formed for seizing prey. (See also EEE.) 
Larve with abdominal prolegs. 
G. Prolegs armed at the extremity with numerous minute hooks. 
(Caterpillars epi 57 tee Se ne eee ae LEPIDOPTERA 
GG. Prolegs not armed with minute hooks. 
H. With a pair of ocelli, one on each side. (Larve of saw-flies). 


p-884.........:+... Bt Rouarsty etic eee SO HYMENOPTERA 
HH. With many ocelli on each side of the head. p. 550..... 
Se ae es eee ee Thee ee ee, te ene eee ae MECOPTERA 


FF. Without abdominal prolegs. 
Body clothed with scales. (Machilide and Lepismatide). 
DIEPW ome oxin ozettp cain AIC an Hurts ad OMG eaGS.cd 2 THYSANURA 
GG. Body not clothed with scales. 
H. Antenne long and distinct. 
I. Abdomen terminated by strong movable forceps. p. 460. 
Nea yea cas eta oe Fee teen ee seen DERMAPTERA 
II. Abdomen not terminated by forceps. 
J. Abdomen strongly constricted at base. (Ants. etc.). 
io baekey batt cco Sita SMSO Mea ere Ol Se HYMENOPTERA 
JJ._ Abdomen not strongly constricted at base. 
K. Head with a long trunk-like beak. (Boreus). p. 550. 
sychokolef icy aMeeu RTA ATCC ReS ELA Corte teehee RSE Re MECOPTERA 
KK. Head not prolonged into a trunk. 
L. Insects of small size, more or less louse-like in form 
with a very small prothorax, and without cerci. 
(Book-lice and Psocids). p. 331..... CORRODENTIA 
LL. Insects of various forms, but not louse-like 
prothorax not extremely small; cerci present. : 
M. Hind legs fitted for jumping, hind femora en- 
larged. (Wingless locusts, grasshoppers, and 
crickets) a) 230 cent. taneen hoch ORTHOPTERA 
MM. Hind femora not greatly enlarged, not fitted 
for jumping. 
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N. Prothorax much longer than the mescthorax; 
front legs fitted for grasping prey. (Mantide). 
‘DA2308 tarak das. neal ooh dhtes be ORTHOPTERA 


NN. Prothorax not greatly lengthened. 
O. Cerci present; antennae usually with more 
than fifteen joints, often many- -jointed. 
P. Cerci with more than three joints. 
ie Body flattened and oval. (Blattidz). 
aD AOE ah tesade hae Seatamen ewe oie ORTHOPTERA 
od. Body elongate. 
R. Head very large. (Termopsts). p. 273. 
RE METAS wieaak, tebe. debate. ave ISOPTERA 
RR. Head*of moderate size. p. 268. 
heh Sette ME A waters GRYLLOBLATTID4& 


PP. Cerci short, with one to three joints. 

Q. Body linear with ets long linear legs. 

(Walking-sticks). p. 230...ORTHOPTERA 

QQ. Body elongate or not, if clongate the 

legs are not linear. 

R. Body elongate; front tarsi with first 

joint swollen. p. 338...EMBIIDINA 
RR. Front tarsi not enlarged. 

S. Minute insects, less than 3 mm, 

in length; antenne nine-jointed. 

Pie 27 Obs hee ere ZORAPTERA 

SS. Larger insects; antenne usually 

more than nine-jointed. (White-ants). 


D7 BRI Gita he Mele oReae ca ISOPTERA 
OO. Cerci eAbecnt antennze usually with eleven 
JOUMILS Se Diyid OAT NATE. ete tie arc es COLEOPTERA 


HH. Antenne short, not pronounced; larval forms. 
I. Body cylindrical, caterpillar-like. p. 550. MECOPTERA 
II. Body not caterpillar-like. 
J. Mandibles sickle-shaped; each mandible with a furrow 
over which the maxilla of that side fits, the two forming 
an organ for piercing and sucking. (Ant-lions, aphis- 


Iovate Infexan(imoloymels)), GO WIMis gecunccamocoac NEUROPTERA 
ile Mouth- -parts not of the ant-lion type. 

IK, Wena, Om JRipelalien, (85 QO 5505 oon0ns NEUROPTERA 

Ike Warvecrot beetles. ps 464.005 COLEOPTERA 


EEE. Mouth-parts haustellate, fitted for sucking; mandibles not 
sickle-shaped. 

F. Body covered with a waxy powder or with tufts or plates of wax. 
(Meal yabugs Orrie21@) 4) Ds 350 ie stele HEMIPTERA 
FF. Body more or less covered with minute scales, or with thick 
= hairs; prcooscis if present coiled beneath the head. (Moths). 
SU ARS Seria oI Pio ita IO INA ea CREO LEPIDOPTERA 

PEF. " Body naked, or with isolated or bristle-like hairs. 
G. Prothorax not well developed, inconspicuous or invisible 

HOON ONE» TOL Woke onc Menem a Gad 0.00 Sion Gomacotn.0 DIPTERA 

GG. Prothorax well developed. 

H. Last joint of tarsi bladder-like or hoof-like in form and 
usually without claws; mouth-parts forming a triangular 
unjointed beak. p. 550........+....ses sues THYSANOPTERA 

HH. Last joint of tarsi not bladder-like, and furnished with one 

or two claws; mouth-parts forming a slender; usually 
jointed beak. 
I. Beak arising from the front part of the head. p. 350. 
5 eye ea Ok De AEA OTERO, GLEN CoMCRO SE rte Sea A .HEMIPTERA 
II.Beak arising from the back part of the head. Pp 394 
5 2: G0 COTS OS DIOMEO.OW 0 01015 OIG C DiC PSO Rice HOMOPTERA 
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BB. fither without a distinct head, or without jointed legs, or incapable of 
locomotion. 

C. Forms that are legless but capable of locomotion; in some the head is 
distinct, in others not. Here belong many larve representing several of 
the orders, and the active pupze of mosquitoes and certain midges. It is 
impracticable to separate them in this key. 

CC. Sedentary forms, incapable of locomotion. 

D. Small abnormal insects in which the body is either scale-like or gall- 
like in form, or grub-like clothed with wax. The waxy covering may be 
in the form of powder, or large tufts or plates, or a continuous layer, or of 
a thin scale, beneath which the insect lives. (Coccide). p. 350. HEMIPTERA 

DD. Pupz, the inactive stage of insects with a complete metamor- 

phosis; capable only of a wriggling motion, and incapable of 

feeding. 
E. Obtected pupz, pupz in which the legs and wings are glued to the 
surface of the body; either in a cocoon ornaked. p. 571. LEPIDOPTERA 
EE. Coarctate pup, pupz enclosed in the hardened larval skin. 
16 7B DIPTERA 
EEE. Exarate pupe, pupe that have the legs and wings free; either in 

a cocoon or naked. This type of pupa is characteristic of all of the 

orders in which the metamorphosis is complete except the Lepidop- 

tera and Diptera. 


The order Protura does not occur in the foregoing table because 
it has only now, in this edition (1936), been placed among the 
Hexapoda. Since the members of the order are uncommon insects 
rarely met with it did not seem advisable to incur the added expense 
of rearranging and reprinting a large part of the table. 


CHAPTER VI 


Susciass I. APTERYGOTA 
Wingless Insects 


The members of this subclass are small wingless insects in which 
the wingless condition 1s believed to be a primitive one, there being no 
indication that they have descended from winged ancestors. The mouth- 
parts vary. In some they are sucking, 1n others chewing. The meta- 
morphosts 1s always slight and in some cases absent. 

This subclass contains but the three orders, Protura, Thysanura, 
and Collembola. These insects are all primitive and usually general- 
ized. They are all small and wingless and because of their usually 
concealed habits are not as generally known as the winged forms. 
They are widely distributed and about 1200 species are now known. 
Probably many more remain to be discovered. A characteristic 
feature of these primitive insects is the abdominal appendages, 
especially the abdominal styli present in the Machilidae and in others 
of the Thysanura. 
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CHAPTER VII 


ORDER PROTURA 
The Telson-T als 


The members of this order are small arthropods in which the body ts 
elongate, as in the Thysanura, fusiform, pointed behind, and depressed; 
it may be greatly extended and retracted. The antenne, cerct and 
compound eyes are absent. The oral apparatus ts suctorial, and consists 
of three pairs of gnathites. There are three pars of thoracic legs, and 
three pairs of vestigial abdominal legs. The abdomen 1s composed of 
eleven segments and a telson. The opening of the reproductive organs 1s 
unpaired, and near the hind end of the body. The head bears a pair of 
organs, termed pseudocult, the nature of which has not been definitely 
determined. The metamorphosis ts slight, consisting of an increase in 
the number of abdominal segments. 


The known members of this order are very small arthropods, 
the body measuring from one-fiftieth to three-fiftieths of an inch in 
length. The form of the body is shown by Figure 36, p. 25. 

These exceedingly interesting creatures are found in damp situa- 
tions, as in the humus of gardens. They are widely distributed: 
they are now known to occur in India, England, Italy, and other 
European countries. A number of species have been described from 
the southwestern United States. 

The mouthparts are withdrawn into the head and the mandibles 
are stylet-like and fitted for piercing. In the newly hatched insect 
the abdomen is 9-segmented, but during later growth three more 
segments are added between the last two segments. This mode of 
change in form is known as anamorphosis. 

The systematic position of the Protura is still unsettled. The 
differentiated thorax with three pairs of legs and the form of the 
mouthparts are characteristic of insects. The lack of antennae 
and the intercalary addition of body segments during growth (ana- 
morphosis) are very unlike insects. The name Protura refers to the 
last telson-like segment of the abdomen. 


The order contains two families as follows: 


FamiLty 1. ACERENTOMID&, in which the trachez and spiracles 
are absent and the second and third abdominal appendages are 1- 
jointed. This family includes the two genera Acerentomon and 
Acerentulus. 

Famity 2. EosENTOMIDAE, in which trachez are present with two 
pairs of thoracic spiracles and the second and third abdominal 
appendages are 2-jointed. This family includes the genus Eosen- 
tomon and probably Protapteron. 
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ORDER THYSANURA* 


The Bristle-Tails 


The members of this order are wingless insects in which the wingless 
condition 1s believed to be a primitive one, there being no indication that 
they have descended from winged ancestors; the mouth-parts are formed 
for chewing; and the adult insects resemble the young in form. In these 
three respects, these insects resemble the next order, the Collembola; but 

om, they differ from the Collembolain 
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the order have also a caudal fila- 
ment. 

The members of this order 
are known as bristle-tails, a 
name suggested by the pres- 
ence, in most of them, of either 
two or three many-jointed 
filiform appendages at the cau- 
dal end of the body (Fig. 221, 
c,andm/f). The paired caudal 
appendages are the-cerci; the 
median one, when’'three are 
present, is the median caudal 
filament, a prolongation of the 
eleventh abdominal segment. 
In Japyx (Fig. 222), the cerci 
are not jointed but are strong, 
curved appendages, resembling 
the forceps of earwigs. 

The bristle-tails are most 
often found under stones and 
other objects lying on the 
ground; but some species live 
in houses. While most species 
prefer cool situations, there is 
one, the fire-brat, that fre- 
quents warm ones, about fire- 


Fig. 221.—Machilis, ventral ote 6, sae places and in bakehouses. The 
cus; /p, labial palpus; mf, median cauda antennz are long and many- 


fil ite , maxillary palpus; 0, ovi- ©” sa 
inet Sst merpermet 4 ae jointed. In the Machilide 


positor; s, s, styli. 
*Thysaniira: thysanos (Supavos), a tassel; oura (ovpd), the tail. 
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(Machilis), the eyes are very perfect; for this reason, they are used 
in Chapter III to illustrate the structure of the compound eyes of 
insects. Inall other Apterygota they aremore or less degenerate or are 
lost entirely. In the Lepismatide (Lepisma), the degeneration of the 
eyes has progressed far, they being reduced to a group of a dozen 
ommatidia, on each side of the head. In the 
Campodeide and the Japygide, the eyes have 
disappeared. ‘The mouth-parts are formed for 
chewing; those of Machilzs will serve to illustrate 
their form. The mandibles are elongate with a 
toothed apex and a sub-apical projection termi- 
nated by a grinding surface (Fig. 223, A); the 
paragnatha are comparatively well developed 
(Fig. 224); on the outer edge of each there is a 
small lobe, which Carpenter (’03), who regarded 
the organs as true appendages, believed to be a 
vestigial palpus, and at the tip there are two dis- 
tinct lobes, which this author homologized with 
. ; the galea and the lacinia of a typical maxilla; the 
Sewn ee maxille (Fig. 223, B) bear prominent palpi. 
bock.) In the Campodeide and the Japygide, the 
jaws are apparently sunk in the head. This con- 
dition is due to their being overgrown by folds of the gene. In the 
Machilide and the Lepismatide the jaws are not overgrown; these 
two families are known, 
on this account, as the 
Ectotrophi or Ectotro- 
phous Thysanura; while 
the Campodeide and the 
Japygide are grouped 
together as the Ento- 
trophi or Entotrophous 
Thysanura. The over- 
growing of the mouth- 
parts by folds of the 
genz is characteristic of 
the Collembola also and 
is discussed more fully in 
the next chapter. 

The three thoracic 
segments are distinctly 
separate. There is noth- 
ing in the structure of 
the thorax to indicate pig 223A, mandibles of Machilis; B, maxilla 
that these insects have of Machilis, (After Oudemans.) 
descended from winged 
ancestors. The three pairs of legs are well developed. In the genus 
Machilis the coxee of the second and third pairs of legs each bears a 
stylus (Fig. 221, s). 
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The abdomen consists of eleven segments. The eleventh segment 
bears the cerci, which are filiform and many-jointed except in the 
Japygide, where they are forceps-like. In the 
Machilidee and the Lepismatide the eleventh 
abdominal segment bears a long, many-jointed 
median caudal filament; styli and eversible 
ventral sacs are also usually present; these vary 
in number in different genera. 

The styli are slender appendages (Fig. 221, 
s). Each stylus consists of two segments, a 
very short basal one and a much longer termi- 
nal one. The maximum number of styli is 
found in Machilis (Fig. 221), where they are 
borne by the second and third thoracic legs 
and the second to the ninth abdominal seg- 
ments. In Lepisma there are only three pairs; 
these are borne by the seventh, eighth, and 
ninth abdominal segments. 

Fig. 224.—One of the The abdominal styli are borne by large 
paragnatha of Ma- plates, one on each side of the ventral aspect 
Clee ) (After Car- 6f each abdominal segment. These plates are 
ae | termed coxttes, as they are believed to be flat- 

tened coxze of abdominal legs which have otherwise disappeared. 

A result of the large size and position of the coxites is a reduction 
in the size of the sternum in the abdominal segments. This is well 
shown in Machilis (Fig. 221); in the first seven abdominal segments, 
there is in each a median triangular sclerite; this is the sternum; in 


Fig. 225.—Cross-section of an abdominal segment of Machilis showing the 
styli and the ventral sacs. The ventralsacs of the left side are retracted; those 
of the right side, expanded. (After Oudemans.) 

In the families Machilidz and Lepismatide the females have an 
ovipositor, which consists of two pairs of filiform gonapophyses aris- 
ing from between the coxites of the eighth and ninth abdominal 
segments respectively. 
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The ventral sacs are sac-like expansions of the wall of the coxites 
which can be everted, probably by blood-pressure, and are withdrawn 
into the cavity of the coxite by muscles (Fig. 225). In Figure 221, 
the openings into the retracted ventral sacs are represented ; there is 
one pair in the first abdominal seg- 
ment; two pairs in each of the four 
following segments; and a single pair 
each in the.seventh and eighth ab- 
dominal segments. In Lepisma the 
ventral sacs are wanting. The func- 
tion of the ventral sacs has not been 
definitely determined; but it seems 
probable that they are blood-gills. 


The presence in the Thysanura of 
styli and of ventral sacs, which are 
evidently homologous with those of 
the Symphyla, is an indication of 
the primitive condition of these 
insects. The generalized form of 
the reproductive organs of the Thy- 

Fig.226.— sanura is another indication of this. 
Ovary of Ja- In Japyx the ovarian tubes have a 
Bye. ‘cal metameric arrangement (Fig. 226); 
rast’ and in Machilis (Fig. 227) we find an 
intermediate form between a metameric arrange- 
ment of the ovarian tubes and a compact ovary. Fig.227—Ovary 
These facts, and especially the presence of styliand of Machilis: c, 
ventral sacs, are opposed to the view held by some reneaes a the 
writers that the Thysanura are degenerate instead 75 ooenenel 
of primitive insects. It is true that degenerate fea- stylus; 0, ovi- 
tures are present in the order, as the loss of eyes in _ positor. (After 
Japyx and Campodea; but this loss is correlated with | Oudemans.) 
the life of these insects in dark places, like the loss of eyes in certain 
cave-beetles, and is not important in the determination of the 
zoological position of the order. 

The young of the Thysanura resemble the adults in form, there 
being no marked metamorphosis. In Campodea and Japyx the molt 
is partial (Grassi ’89). . 

This is a small order; less than twenty American species have 
been described. ‘The classification is as follows: 
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SUBORDER I. ECTOGNATHA 


Body usually clothed with scales; mouthparts outside of the head, 
not overgrown with folds of the genae; caudal end of abdomen with three 
long, filiform appendages; compound eyes present. 


Famity 1, MAcuHILIDAE. The abdominal tergites reflexed to the 
under surface so as to form an imbrication covering the sides of the 
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coxites (Fig. 221). Compound eyes large and contiguous. Pro- 
thorax smaller than the mesothorax. Middle and hind legs with 
styli. Saltatorial insects. 

This family is represented by the genus Mdchilis, of which several 
species occur in North America. These insects are found in heaps of 
stones and in other concealed places; they are very active and leap 
with agility when disturbed. They are about 12 mm. in length. 


Famity 2, LepisMATIpAE. Abdominal tergites not covering the 
sides of the coxites. Eyes small and distant. Prothorax as large 
as or larger than the mesothorax. Middle and hind legs without 
styli. Not saltatorial insects. 

The best-known representative of this family is the silverfish or 
fish-moth Lepisma saccharina (Fig. 228). It is silvery white with 
a yellowish tinge about the antenne and legs and measures about 


Fig. 228.—Lepisma 
saccharina. (After 
Lubbock.) 


8 mm. in length. It is often a troublesome pest in laundries, li- 
braries, and museums, as it injures starched clothes, the bindings of 
books, labels, and other things on which paste or glue is used. Ah he 
popular names were suggested by the clothing of scales with which 
the body is covered. Soe 

Another common representative of this family is the fire-brat, 
Thermobia doméstica. This species resembles the fish-moth in 
general appearance except that it has dusky markings on its upper 
surface. It is remarkable for frequenting warm and even hot places 
about ovens, ranges, and fireplaces. 
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SusorpDER II. ENTOGNATHA* 


Body not clothed with scales; mouthparts within the head, being 
overgrown by folds of the gene; median caudal filament wanting; com- 


pound eyes absent. 


Fig. 229. — Campodea 
staphylinus. (After 
Lubbock.) 


FamILy 3, CAMPODEID#&. Cerci filiform, long 
and many-jointed; first abdominal segment 
without styli. 

The best-known member of this family is 
Campéodea staphylinus (Fig. 229). It lives in 
damp places under stones, fallen trees, or in 
rotten wood and leaves. It is a very delicate, 
small, white insect, about 6 mm. in length. It 
has on the first abdominal segment a pair of 
appendages which occupy a position corre- 
sponding to that of the thoracic legs and each 
consists of two or three segments. 


FAMILY 4, PROJAPYGIDAE. Cerci short, 
rather stout, few-jointed; first abdominal seg- 
ment with styl. 

This family is represented by the genera 
Projapyx and Anajapyx. 

The species A. vesiculosus described by 
Silvestri may be considered representative. 


FAMILY 5, JAPYGIDAE. Cerci forceps-like; 
styli present on first abdominal segment. 

This family is represented by the genus 
Japyx, of which two species have been found in 
this country. These insects can be recognized 
by the forceps-like form of the cerci (Fig. 222). 
They are small, delicate, uncommon insects 
found under stones. 


*This suborder is raised to the rank of an order, Diplura, by Silvestri. Other 
systematists believe it should rank as a definite order. 
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ORDER COLLEMBOLA* 


The Spring-Tails 


_ The members of this order resemble the Thysanura in being wingless 
mmsects 1n which the wingless condition is believed to be a primitive one, 
there being no indication that they have descended from winged ancestors, 
and 1m that the adult insects resemble the young in form. They differ 


Fig. 230.—Side view of Tomocerus plumbens: co, collophore; c, catch; s spring. 


(After Willem.) 


from the Thysanura as follows: the abdominal segments are reduced in 
number, there being only six of them; the first abdominal segment bears 
a ventral tube, the collophore, furnished with a pair of eversible sacs which 


assist theinsects in walking on smooth surfaces; 
the fourth abdominal segment usually bears a 
pair of appendages, which constitute a spring- 
img organ; and the third abdominal segment 
usually bears a short pair of appendages, the 
catch, which hold the spring when it 1s folded 
under the abdomen. 

The common name spring-tatls has been 
applied to these insects on account of the 
caudal springing organ that is possessed by 
most members of the order. The spring- 
tails are minute insects, often of microscopic 
size and rarely as large as 5 mm. in length. 
Most of the species live on decaying matter. 
These insects are common under stones 
and decayed leaves and wood, in the chinks 
and crevices of bark, among moss, and on 
herbage in damp places. Sometimes they 
occur abundantly in winter on the surface 


Fig. 231.—An ommatid- 
ium of Podura aquat- 
ica. (After Willem.) 


*Collémbola: colla (xédda), glue; embolon (€uBodov), a bolt, bar;—from their 


collophores. 
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of snow, where they appear as minute black specks, which spring 
away on either side from our feet as we walk; and some species 
collect in great numbers on the surface of standing water. Sev- 
eral species are known to be photogenic. ; 

The body consists of the head, three thoracic segments, and six 
abdominal segments (Fig. 230). The prothorax is usually small and 
in several genera is overlapped by the tergum of themesothorax; in 
theSminthuridz the body-segments are more or less fused together. 
The structure of the abdomen is remarkable, as it consists of only six 
segments; there is no indication of the manner in which thereduc- 
tion of thenumber of segments has taken place. The anus is at the 
caudal end of the body; the genital opening is on a small papilla 
on the fifth abdominal segment. 


The antennz consist of from four to six segments, usually of four. 
They vary greatly in their comparative length; in some genera the 
last segment or the last two segments are divided into many rings 
or subsegments(Fig.230). 

The eyes of the Col- 
lembola are commonly 
described as a group of 
eight, or fewer, distinct 
simple eyes on each side 
of the head. But these 
so-called simple eyes are 
not ocelli; they are more 
or less degenerate omma- 
tidia, each group being 
the vestige of a com- 
pound eye. In Podura 
aquatica, these eyes, as 
figured by Willem (’oo), 
Fig. 232.—A, longitudinal section of an ommatid- are clearly ommatidia of 

ium aay oe the es anes ee a ee the eucone type (Fig. 
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antennal organ; hy, hypodermal cells; N, optic lembola, as in Anurida 

nerve; ”, branch of the optic nerve; ?¢, t, tuber- maritima (Fig. 232, QO), 

cles surrounding the postantennal organ;.g, the reduction of the om- 

Wiley oe the postantennal organ. (After matidia has progressed 

‘ so far that they present 

the appearance of ocelli; and in still others the eyes are lost entire- 
ly. Primary ocelli have not been found in the Collembola. 


The mouth-parts are typically mandibulate; the jaws consisting 
of a pair each of mandibles, paragnatha, and maxille. The parag- 
natha of Orchesella cincta were described by Folsom (’99); and those of 
Anurida maritima by the same writer (’0o). These organs were 
termed the superlingue by Folsom. 


One of the most striking characteristics of the Collembola is that 
the jaws are apparently retracted into the cavity of the head so that 
only their tips are visible. But it has been shown by Folsom (’oo), 
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who studied the development of the mouth-parts of Anurida maritima, 
that, strictly speaking, the jaws are not “retracted,” as is usually 
stated, but are overgrown by the gen. In an early embryonic stage, 
a downward projection of the gena ap- 
pears on each side of the head, and these 
“mouth-folds” become larger and larger 
In successive stages until the condition 
seen in the fully developed insect is 
reached. 

The development of mouth-folds is 
not restricted to the Collembola, but 
occurs also in the Entotrophous Thysan- 
ura, and to a less marked extent in many 
of the Pterygota, especially in some 
Orthoptera, where the gena of each side 
is prolonged into a small, but distinct, 
flat fold over the base of the mandible. 

In some of the Poduridz the mouth- 
parts are fitted for piercing and sucking, pig. 233.—Hind foot of Ach- 
the mandibles and maxille being styliform orutes maturus. (After Fol- 
and projecting in a conspicuous cone. som.) 

In some of the Collembola there is a 
sense organ situated between the base of the antenna and the ocular 
field; this is known as the postantennal organ; its presence or absence 
and its form when present afford characters used in the description 
of these insects. In its simplest form it isa claviform hyaline tubercle 
(Sminthurus). A more complicated type is that of Anurida maritima, 
which has been figured by Willem (’oo). In Figure 232, Pa repre- 
sents a longitudinal section of this organ. It is a nerve-end-cell, 
branching from the optic nerve and extending to the surface of the 
body, where it is covered by a very thin cuticular layer. It is pro- 
tected by a ring of tubercles (¢, ), two of which are shown in the 
sectional view (A) and eight in the surface view (B). The function 
of this organ has not been determined; it has been suggested that it 
is an organ of smell. 

The legs of the Collembola consist each of five segments, which 
correspond to the five principal divisions of the legs of the higher 
insects. Willem (’oo) considers the two antecoxal pieces as segments 
of the legs and consequently states that the legs are composed of 
seven segments. The tarsi in most genera bear two claws, anouter, 
larger one, the unguis, and an inner, smaller one, the unguiculus; these 
claws are apposable (Fig. 233); in some genera the inner claw is 
wanting. 

One of the most characteristic features of the Collembola is the 
collophore, or ventral tube, which is situated on the ventral aspect of 
the first abdominal segment (Fig. 230, co). This organ varies greatly 
in form in the different genera; in some it is a simple tubercle, di- 
vided into two halves by a central slit; in others it is enlarged and 
becomes a jointed tube divided at its free end into two Jobes. The 
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collophore bears at its extremity a pair of eversible sacs through thie 
walls of which exude a viscid fluid. By means of this organ these 
insects are enabled to cling to the lower surface of smooth objects. 
The collophore is developed from a pair of appendages, which in the 
course of their development become fused together at their base. 

The third abdominal segment usually bearsa pair of short append- 
ages, whose basal segments are fused; this is the tenaculum, or catch 
(Fig. 230, c), which holds thespring when it is folded under theabdomen. 


The spring or furcula (Fig. 230, s) is formed by the 
appendages of the fourth abdominal segment which are 
united at the base but separate distally. These ap- 
pendages are three-jointed. The united basal seg- 
ment is termed the manubrium (Fig. 234, ma); the 
intermediate segments, the dentes (Fig. 234, d); and 
the terminal segments, the mucrones (Fig. 234, mu). 

In the Entomobryide the furcula appears to be 
formed by the appendages of the fifth abdominal seg- 
ment; but a study of the muscles that move it shows 
that it really pertains to the fourth segment. In some 
genera of the Poduridz the furcula is wanting. 

The order Collembola includes two quite distinct 
types of insects; in one of these types the body is 


Fig. 234.—The 
furcula of Pa- 
pirtus: ma, 


elongate with distinct segmentation; in the other eee 
the body is shortened, the abdomen globose and its $'y left mue 
segments in part fused. Based on this distinction the ro. (After 
order is divided into two suborders as follows: Lubbock,) 

AcmeBodyseloncate rn Waccissticiieintecine cise mine eres SUBORDER ARTHROPLEONA. 
AAS Body cloboses, wrtateisteuccls seiestee suleintc oe aes SUBORDER SYMPHYPLEONA. 


partially fused; tracheae absent. 


usually granulated. 


Fig. 235.—The snow- 


SuporpER I. ARTHROPLEONA* 


Body elongate with distinct segmentation, rare- 
ly with the last two or three segments of abdomen 


FamILy 1, PopurIDAE. Furcula, when pres- 
ent, clearly appended to the fourth abdominal 
segment; prothorax well developed; cuticula 


Among the better-known members of this 
family are the following: The ‘‘Snow-flea,”’ 
Achoriites nivicola, which occurs abundantly in 
winter on the surface of snow (Fig. 235); this 
species is also known as Achoriites socidlis. 
Achoriites armatus is often found on fungi. 


ea, Achorutes nivi- *Arthropléona: arthron (&p0ov), a joint; pleon, a cru- 


cola. (After Fol- stacean’s abdomen. 
som.) 
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Anirida maritima occurs abundantly on the seashore, chiefly between 
tide marks; several important embryological and anatomical mono- 
graphs have been published regarding this species. Podiira aquatica 
is one of the most abundant members of the Collembola; it occurs 
on the surface of standing water on the margins of ponds and streams. 

Famity 2, Entomopryipar. Furcula present and apparently 
appended to the fifth abdominal segment; prothorax reduced and 
cuticula not granulated. 

This is the largest family of the Collembola, containing many 
genera and species. In some genera the body is clothed with scales. 
To this family belongs the genus Orchesélla, the only genus in the 
Collembola in which the antennz consist of six segments. 


SUBORDER II. SYMPHYPLEONA* 


Body shortened, subglobular in shape with segments of body, except 
the last two, fused closely together and segmentation mostly obliterated; 
tracheeé present in some genera. 

Famity 3, NEELIDAE. Antennae short 
and stout; thorax large and longer than 
abdomen. The principal genera are 
Neelus and Neelides. 

FAMILY 4, SMINTHURIDAE. Antenne 
long and slender; thorax shorter than 
abdomen. The principal genera Smin- 
thurus and Papirius. 

In Sminthurus, trachesze are present;in Fig. 236.—Papirius fuscus- 
the other genera they are absent or ex- (After Lubbock.) 
tremely vestigial. The presence of tra- 
chez in Sminthurus enables these insects to live in drier situations 
than can other Collembola. The “garden-flea”’ Sminthirus horténsis 
is found upon the leaves of young cabbage, turnip, cucumber, and 
various other plants. 


*Symphypléona; symphyo, to grow together; pleon, a crustacean’s ab- 
domen. 
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Suscriass II. PTERYGOTA 
Winged Insects 


The members of this subclass are winged; or, if without wings, they 
have had winged ancestors and this 1s an acquired condition. The 
mouthparts vary; in some they are sucking, in others chewing. The 
metamorphosis varies from slight to gradual to complete. 


Much the greater number of species of insects belong to this 
subclass and much the greater number of them possess wings, for 
example, the beetles, flies, wasps, bees, and many others. Many 
aphids, all fleas, lice, worker ants, female scale insects, and some 
others have no wings. The wingless condition of these forms, how- 
ever, is an acquired one, for the evidence is clear that they have de- 
scended from winged ancestors. The subclass Pterygota contains all 
of the remaining twenty-three orders discussed in this book. 


CHAPTER VIII 
ORDER ORTHOPTERA* 
Grasshoppers, Crickets, Cockroaches, and others 


The winged members of this order have two pairs of wings; the fore 
wings are more or less thickened, but have a distinct venation; the hind 
wings are folded in plaits like a fan when at rest; there are many forms 
in which the wings are vestigial or even wanting. The mouth-parts are 
formed for chewing. The metamorphosis is gradual (paurometabolous); 
the nymphs are terrestrial. 


The order Orthoptera includes some of the very common and best- 
known insects. The most familiar representatives are the long-horned 
grasshoppers, locusts, crickets, katydids, and cockroaches. 

With the exception of a single family, the Mantide, the members 
of this order are as a rule injurious to vegetation; and many species 
are quite apt to multiply to such an extent that their destruction of 
plant life becomes of great economic importance. 


The two pairs of wings of the Orthoptera differ in structure. 
The front wings are leathery or parchment-like, forming covers for 
the more delicate hind wings. These wing-covers have received the 
special name tegmina. The tegmina usually overlap, at least at the 
tips, when at rest. The hind wings are thinner than the tegmina and 
usually have a broadly expanded anal area, which is folded in plaits 
like a fan when at rest. Many Orthoptera have vestigial wings, and 
many are wingless. In the males of the Saltatorial Orthoptera, the 
Locustide, the Tettigoniide, and the Gryllide, musical organs have 
been formed by modifications of certain parts of the wings; these 
have been described in Chapter IT. 


The mouth-parts are of the mandibulate type, that is, they are 
formed for chewing. The mouth-parts of a locust are figured on 
page 42. 

In the Orthoptera the metamorphosis is gradual, paurometabo- 
lous. In the case of those species in which the wings of the adult are 
either vestigial or wanting, the adults resemble very greatly immature 
insects. It is often important to determine whether a short-winged 
specimen is an adult or not. Fortunately this determination can 
usually be made with ease with the Saltatorial Orthoptera, the 
Locustide, the Tettigoniidee, and the Gryllidez. In these three families 
the wing-pads of the nymphs are inverted, as shown by the curving 
down of the extremities of the wing-veins, instead of up as with the 
adult; and the rudimentary hind-wings are outside of the tegmina, 
instead of beneath them. The development of the wings of a locust 
is described in Chapter IV, p. 175. 


*Orthéptera: orthos (4p0és), straight; pteron (rrepév), a wing. 
(230) 
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The segmentation of the abdomen and the development and 
structure of the genitalia or gonapophyses in the jumping Orthoptera 
are of especial interest; as, on account of the generalized condition 
of these parts in these insects, they can serve as a type with which the 
corresponding parts in more specialized insects can be compared. In 
some members of this group of families all of the abdominal segments 
are preserved more or less distinct, and in nearly all of them the 
genitalia are well-developed.* 

The segmentation of 
the abdomen can be seen 
best on the dorsal aspect 
of this region; for in 
some cases the tergum of 
a segment is well-pre- : 
served while the sternum Fig. 237.—Side view of a locust with the wings re- 
is vestigial. Figure 237 moved: #, tympanum. 
represents a side view of a female locust with the wings removed in 
order to show the segmentation of the abdomen. The first eight 
segments of the abdomen of this insect are very distinct; but the 
caudal segments are much less so. Figure 238 represents the caudal 
part of the abdomen of the same insect more enlarged, in order to 
facilitate the lettering of the parts. 

In this insect the eighth abdominal 
tergum resembles the preceding ones. 
The ninth and tenth abdominal terga 
are shorter and are joined together on 
each side; but in many other jumping 
Orthoptera these terga are not thus 
united. Caudad of the tenth abdomi- 
nal tergum there is a shield-shaped part, 
which is commonly known as the 
Fig. 238.—-Side view of the caudal supra-anal plate; this plate is divided 

end of the abdomen of afemale jnto two sclerites by a transverse su- 
locust: 8, 9, zo, 11, the tergites ture: the first of these sclerites is be- 
of the eighth, ninth, tenth, and ,. ~’ 

eleventh abdominal segments; 1, lieved to be the tergum of the eleventh 
telson; p, podical plate; c, cer- abdominal segment, and the other the 
cus; d, 2, v, dorsal, inner, and telson (Fig. 238, #). Thus all of the 
ventral valves of the oviposi- abdominal segments are preserved, in 
ae part at least, in this insect. 

The last two abdominal segments, the eleventh and the telson, are 
even more distinctly preserved in the early instars of some orthopterous 
insects than they are in the adult (Fig. 239). In many adult Orthop- 
tera there is no suture between the eleventh tergum and the telson. 

On each side of the body, in the angle between the supra-anal 
plate and the lateral part of the tenth tergum, there is @ 
triangular sclerite (Fig. 238, p); this pair of sclerites has long been 


*The genitalia are vestigial in Tridactylus and are entirely wanting in Gryllo- 
talpa. In these genera the reduction or loss of the genitalia is probably correlated 
with the subterranean life of these insects, they having n) need for an ovipositor. 
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known as the podical plates; but they have recently been named 
the paraprocts because they are situated one on each side of the 
anus. They are the sternum of the 
eleventh abdominal segment, which 
is divided on the midventral line, to 
admit of the expansion of the poste- 
rior end of the alimentary canal during 
defecation. 

In this insect the cerci (Fig. 238, ¢) 
project from beneath the caudal border 
of the tenth tergum; they appear, there- 
fore, to be appendages of the tenth ab- 
dominal segment; but it is believed 
that in all insects where cerci are pres- 
ent they are appendages: of the elev- 
enth abdominal segment. This, for 
example, is obviously the case in the 
Plecoptera (Fig. 240). The homology 
Fig. 239.—Caudal segments of a Of the paraprocts is also well shown in 

nymph of afemale locust, dorsal this figure. 
aspect: zz, eleventh abdominal =§- ‘The ovipositor consists of three 
segment; ?, telson; c, cercus. : 
pairs of processes or gonapophyses; 
these are termed the valves or valvule of the ovipositor; they are dis- 
tinguished as the dorsal, ventral, and inner valvule, respectively. 
In the locust the dorsal valvule (Fig. 238, d) and the ventral valvulz 
(Fig. 238, v) are strong, curved, and pointed pieces; the inner valvu- 
le (Fig. 238, 2) are much smaller. 

The relation of the gonapophyses to the segments of the abdomen 
can be seen more clearly in the female of Ceuthophilus (Fig. 241). 
The ventral valvule arise from the posterior margin of the eighth 
sternum and the dorsal and inner valvule arise from the ninth 
sternum. These relations can be seen even more clearly in very young 
nymphs where the rudiments of the gonapophyses are mere tubercles, 
one pair on the hind margin of the . 
eighth abdominal sternum and two 
pairs on the ninth sternum (Fig. 
242). 

In the male, as in the female, 
the form of the caudal end of the 
abdomen and its appendages dif- 
fers greatly in different members of 
this order. Space can be taken here 
to illustrate these parts in only a 
single species. For detailed ac- 
counts of these parts in other mem- Fig. 240.—End of abdomen of Pter- 
bers of this order, special paperson onarcys dorsata, female, ventral 
this subject should be consulted. VieW: 27, 77, the divided sternum 
Among the more recent and gen- of the eleventh abdominal segment, 


: the podical plates; b 
erally available of these are those of of is Soc Soni resktho iil dais 
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Crampton (’18) and Walker (19 and ’22 b). These papers include 
references to the very extended literature on this subject. 


Figures 243 and 244 represent the caudal end of the abdomen 
of the male of the Carolina locust, Dissosteira carolina. In this 
insect the ninth and tenth terga are joined together on each side 
(Fig. 244) and the eleventh tergum is separated from the apical 
part of the supra-anal plate (Fig. 243, s) by a distinct suture. The 
ninth sternum is large, is turned upward behind, and bears a large con- 
ical part (Fig. 244, cx) termed the coxale, which is believed to be 
united coxites of the ninth segment. 

There are two genera of rare and remarkable insects, each of which 
has been placed in the Orthoptera by some writers and each of which 


Fig. 242.—Ventral 

7 view of end of 
Wy abdomen of 

Fig. 241.—Side view of end of abdomen of Ceuthophilus | young nymph of 

lapidicola: 7, 8,9, 10, above, tergites of the seventh Conocephalus fas- 

to the tenth abdominal segments; 7, 8, below, sternites ciatus. (After 

of the seventh and eighth abdominal segments; b, basal Walker.) 

segment of the ventral valve of the ovipositor; c, cercus; 

P, podical plate; d,1, v, dorsal, inner, and ventral valves 

of the ovipositor. (After Walker.) 


is regarded by others as constituting a separate order; these are 
Grylloblatta and Hemimerus. These genera are briefly discussed at 
the close of this chapter. 

Leaving out of account the two genera named above, the order 
Orthoptera includes only six families, all of which are represented in 
the United States. These families can be separated by the following 


table.* 
TABLE OF FAMILIES OF ORTHOPTERA 


A. Hind femora fitted for jumping, i. e., very much stouter or very much longer, 
or both stouter and longer, than the middle femora; organs of flight of imma- 
ture forms inverted; stridulating insects. (The SALTATORIAL ORTHOPTERA.) 


*The limits assigned to the order Orthoptera in this work are those that have 
been commonly recognized for a long period and are those adopted in recently 
published manuals treating of this order, except that in some of them the Der- 
maptera is included in the Orthoptera. But Handlirsch (’08) in his great work on 
fossil insects proposed a new classification of insects, which differs greatly from 
the classification adopted here. In this classification the families Blattide, 
Mantidz, and Phasmide are removed from the Orthoptera and each is made to 
constitute a distinct order. 


234 AN INTRODUCTION TO ENTOMOLOGY 


B. Antenne long and setaceous, except in the mole-crickets and sand-crickets; 
tarsi three- or four-jointed; organs of hearing situated in the fore tibie; 
ovipositor elongate, except in the mole-crickets and sand-crickets, with its 
parts compact. 4 
C. Tarsi four-jointed; ovipositor, when exserted, forming a strongly 

compressed, generally sword-shaped blade. p. 234..... TETTIGONUDA 
CC. Tarsi usually three-jointed, except in the pigmy mole-crickets where 
they are reduced; ovipositor, when exserted, forming a nearly cylindrical, 
straight, or occasionally upcurved needle, except in the Trigonidiine. 
Ds 242 vise Sessa eee Re rae eee ie Ae GRYLLIDA. 
BB. Antenne short; tarsi three-jointed; organs of hearing situated in the 
first abdominal segment; ovipositor short, with its parts separate. 
Ds 25 2kvoemicminw eet se cnwatiee pees Sion iceman: LocustTID& 
AA. Hind femora closely resembling those of the other legs, and scarcely if at 
all stouter or longer than the other femora, 7. e., not fitted for jumping; 
organs of flight.in a normal position when immature; stridulating organs 
not developed. 

B. Body elongate; head free; pronotum elongate; legs slender, rounded; 
cerci jointed or without joints; walking insects. 

C. Front legs simple; cerci without joints. p. 260......... PHASMIDZE 
CC. Front legs fitted for grasping; cerci jointed. p. 262... MANTIDE 
BB. Body oval, depressed; head wholly or almost wholly withdrawn beneath 
the pronotum; pronotum shield-like, transverse; legs compressed; cerci 
OmaeEle seholhy sbkawetis TOKIO 1 AQBo ooocudscoenogauec BLATTID 


Fig. 243.—Dorsal view of end 
of abdomen of Dissosteira 


carolina, male: gT, roT, Fig. 244.—Side view of end of abdomen 
11T, ninth, tenth, and elev- of Dissostetra carolina, male; lettering asin 
enth terga; s, supra-anal Figure 243. 


plate; p, podical plate, c, 
cercus; cx, coxale. 


FAMILY TETTIGONIIDA 
THE LocusTIDAE oF AUTHORS* 
The Long-horned Grasshoppers 


To this family belong the most attractive in appearance of our 
common Orthoptera. In many of them the wings are graceful in 


_ *The name Locustide has been commonly applied to this family. This usage 
is the result of an erroneous application of the generic name Locusta to certain 
members of this family. The insects of the genus Locusta, established by Lin- 
nus, and other insects commonly known as locusts, are members of the family to 
which the common name short-horned grasshoppers is applied and which is 
properly termed the Locustide. 

The Tettigoniide is the Phasgonuride of Kirby’s catalogue. 
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form and delicate in color, and the antennz are exceedingly long and 
slender, looking more like ornaments than like organs of practical use. 

These beautiful creatures are much less frequently seen than are 
the crickets and locusts because of their protective green color, which 
renders them inconspicuous in their haunts among foliage or on the 
blades of grass. Their presence is most often indicated by the chirping 
of the males. 

The long-horned grasshoppers are those jumping Orthoptera with 
long, slender antennez, longer than the body, in which the tarsi are 
four-jointed and the ovipositor is sword-shaped. 

The tegmina of the males are furnished, in nearly all winged 
species, with stridulating organs; but these occupy a much smaller 
part of the tegmina than with the crickets. The six plates of which 
the ovipositor is composed are closely united so that this organ has 
the appearance of a single sword-shaped blade. 

The different members of the Tettigoniidz exhibit a great variety 
of methods of oviposition; some lay their eggs in the ground; some 
in the pith of twigs; some singly in the edges of leaves; some in rows 
on leaves and stems; and others between the root-leaves and stems 
of various plants. : aie 

The Tettigoniide found in America north of Mexico represent 
eight subfamilies; these can be separated by the following table, 
which is based on one by Scudder (97). 

A. Body generally winged; tarsi more or less depressed. 
B. Fore tibie furnished with auditory tympana; fore wings of male, when 
present, furnished with stridulating organs. 

C. First two segments of the tarsi without a lateral groove; the two series of 

spines on the hind side of the posterior tibiae continued to the apex. p. 236. 

PHANEROPTERINZE 

CC. First two segments of the tarsi with a lateral groove; one or both of 

the two series of spines on the hind side of the posterior tibiz not con- 

tinued to the apex. 

D. Fore tibiz without apical spines above. 

E. The apex of the vertex short, crowded by the prominent antennary 

fosse; pronotum crossed by two distinct sutures. p. 238...... 

PSEUDOPHYLLINAE 

EE. The apex of the vertex extended and free from the not prominent 

antennary fosse; pronotum without transverse sutures, or with 


only one. Drs 
F. Fore and middle femora unarmed beneath; the vertex terminating 
in a rounded tubercle, which is hollowed out on the sides. p. 238. 


CONOCEPHALINA 

FF. Fore and middle femora spined beneath, the vertex produced 

forward into a long sharp cone. p. 239....... CoOPIPHORINA 

DD. Fore tibize with an apical spine above on the outer side; usually 
wingless or with vestigial wings. p. 239............ DECTICIN® 

BB. Fore tibize without auditory tympana; fore wings of male, when present, 
WiIKlOULMCUMCtMlatiMg Oreans. Ds 2AO 5. sein stelers eo cileun GRYLLACRINA 


AA. Body usually wingless; tarsi distinctly compressed. ; 
B. Tarsi without pulvilli; inserting angle of the hind femora situated on the 


Waele. GGL 70 Cee Moan moi enmer es ines CBG onl 0 oer cee RHAPHIDOPHORIN 
BB. Tarsi provided with pulvilli; inserting angle of the hind femora situated 
Cia a OVeh usin HG(AU OH PPI. shew anw owe Oe Oar some on aoe STENOPELMATIN 


Some of the more common and better-known representatives of 
these families are referred to below. To save space the distinguishing 
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characteristics of the subfamilies are not repeated; these are indicated 
in the table above. 


SuBFAMILY PHANEROPTERINZ 
The False Katydids 


Fig. 245.— 
Microcen- 
trum rhombi- 
folium and 
its eggs. 


To this subfamily belong certain long-horned grasshoppers that 
have broad leaf-like wings and arboreal habits. In these respects 
they resemble the well- 
known katydid whose stri- 
dent call suggested the pop- 
ularname. Several of these 
species have received popu- 
lar names in which the word 
katydid enters, as indicat- 
ed below. These species 
may be termed collectively 
the false katydids; the true fy eo 
katydids constitute the next Fig. 246.—A mblycorypha oblongifolia. (From 
subfamily. Lugger.) 

Blatchley (’20) describes twenty species and varieties of the false 
katydids that are found in northeastern America; these represent 
eight genera. Among our common species there are representatives 
of three genera; these can be separated as follows. 


A. Tegmina broadened in the middle; the extreme point of the vertex much 
broader than the first segment of the antenne. 
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abruptly upward Cae 5) QI 2G TaN | ML iyo xis deh ICROCENTRUM 
BB. Hind femora but little if any shorter than the tegmina; ovipositor well 
developed, and curved gradually upward. p. 237...... AMBLYCORYPHA 


AA. Tegmina of nearly equal breadth throughout; the extreme point of the 


Ba RP CRS CeCTOE oy ORIG cue LS ORS AED LNA caer Seen NIC ene Sen See a SCUDDERIA 

Microcéntrum.—Two species of this genus are found in the United 
States east of the Rocky Mountains; these are knownas theangular- 
winged katydids. Figure 245 repre- 
sents the female of the larger angular- 
winged katydid, Microcéntrum rhombi- 
folium, and the remarkable way in 
which it deposits its eggs on leaves and 
twigs. In this species the slightly hol- 
lowed front of the pronotum has a very — . 
small central tooth, which is lacking in Fig. 247Seudderia septentri- 
smallerspecies. The smaller angular- = ”@/#s._- (From Lugger.) 
winged katydid, Microcéntrum retinérve, is only slightly smaller than 
the larger one. 

Amblycérypha.—The three most common species of the genus 
are the following: The oblong-winged katydid, Amblycérypha oblongi- 
folia (Fig. 246), is the largest of the 
three most common species. The 
tegmina measure from 34 to 37 mm. 
in length; the ovipositor is less ser- 
rate and less curved than in the next 
species. The round-winged katydid, 
Amblycérypha rotundifolia, is a smaller 
species; the tegmina are not more than 
30 mm. in length and are wide for their 
length, as indicated by the specific 
name; the ovipositor is quite broad, 
much curved, and roughly serrated. 
Uhler’s katydid, Amblycorypha uahlert, 
is our smallest species; the body meas- 
ures from 14 to 16 mm. in length; the 
tegmina from 24 to 26 mm.; and the 
ovipositor about 8 mm. 

Scuddéria.—Species of this genus 
are found throughout the United 
States and in Canada; but the greater 
number of our species are found east 
of the Great Plains. One species, 
Scuddéria mexicana, is found in Cali- 
fornia and Oregon. A common eastern 
species which may serve as an ex- 
ample of the insects of this genus, is 
the northern bush-katydid, Scuddéria 


? . septentrionalis. Figure 247 represents 
—_ mellifo- ; ; : 
ee een cemelisle the male of this species, natural size. 


we 
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SuBFramMILy PSEUDOPHYLLIN/® 
The True Katydids 

The best-known representative of this subfamily in the United 
States is the northern true katydid, Pterophylla camellifolia (Fig. 
248). This insect is found throughout the United States east of 
the Rocky Mountains; but in the North it lives in colonies which 
occupy quite limited areas. This ‘is the insect whose song suggested 
the popular name katydid. It differs from members of the preceding 
subfamily in having the hind wings shorter than the tegmina, and in 
having the tegmina very convex, so that it hasan inflated appearance. 


SupramMiILty CONOCEPHALINZ 
The Meadow Grasshoppers 

From the middle of the summer to the autumn there can be found 
upon the grass in our meadows and moist pastures many light-green 
long-horned grasshoppers of ~ 
various sizes; these, on ac- 
count of the situations in 
which they are usually found, Vi 
are termed the meadow-grass- 
hoppers. Our common species 
represent only two genera; but 
each of these includes many 
Species. : Fig. 249.—Orchelimum vulgare, male. 

Orchélimum.—This genus (From Lugger.) 
includes the larger and stouter 
species of meadow grasshoppers; but they are of medium size com- 
pared with other Tettigoniide. In these the ovipositor is usually 


ee fo: 


Fig. 250.—Orchelimum vulgare, female. 
(From Lugger.) 
up-curved. Our most abundant species is the common meadow 
grasshopper, Orchélimum vulgare. This is found from the Rocky 
Mountains to the Atlantic Coast. Figure 249 represents the male, 
natural size; and Figure 250, the female. 

Conocéphalus.—This genus comprises the smaller and slenderer 
species of this subfamily. In these the ovipositor is slender, and 
straight or slightly curved (Fig. 251). Until recently this genus has 
been generally known as Xiphidium.* 


*It is unfortunate that according to the rules of nomenclature the name 
Conocephalus must be applied to this genus instead of to the typical genus of the 
next subfamily, now known as Neoconocephalus, with the result that the sub- 
family name Conocephaline is applied to the meadow grasshoppers instead of to 
the cone-headed grasshoppers. 
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Supramity COPIPHORINZ 
The Cone-headed Grasshoppers 


The cone-headed grasshoppers are so called becaise the vertex is 
prolonged forward and upward into a cone. These are much larger 
insects than the meadow grass- 
hoppers and are found in trees as 
well as upon grass. This sub- 
family is represented in our fauna 
by four genera; but three of 
these are found only in the South. 
All of the northern species belong 
to the genus Neoconocéphalus, of 
which eleven species occur inthe = 
United States. The most com- Fig. 252.— Neoconocephalus ensiger, 
mon species in the north, east of goon ioe Laeeen) 
the Rocky Mountains, is the sword-bearer, Neoconocephalus énsiger. 
Figure 252 represents the male of this species, and Figure 253 the 
female. Both sexes have very long wings, and the ovipositor of the 
female is remarkable for its length. 


Fig. 253.—Neoconocephalus ensiger, female. (From Lugger.) 


In most of the species of Neoconocephalus there are two distinct 
forms: one pea-green in color and the other of a brownish straw-color. 


SUBFAMILY DECTICIN 


The Shield-backed Grasshoppers 


A few members of this subfamily have well-developed wings; but 
in most species the wings are small, especially in the female, where 
they are sometimes even absent. Most of the species bear some 
resemblance to crickets. They present, however, astrange appear- 
ance, due to the pronotum extending backward over the rest of the 
thorax, like a sun-bonnet worn over the shoulders with the 
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back side forward. It was the large size of the pronotum that sug- 
gested for the group the popular 
name the shteld-backed  grass- 
hoppers. 

These insects live in grassy 
fields or in open woods, where 
they hop about in exposed posi- 
tions. Evenin some of the short- 
winged forms the stridulating or- 
gans of the tegmina of the males 

Fig. 254.—Altlanticus testaceus, male. are well developed. _ 
(From Lugger.) The North American species 
represent twenty genera; most of 
these are found west of the Mississippi River; a few species occur in 
the east; nearly all of these belong to the genus Adldnticus. Figure 
254 represents the male of At- 
linticus testaceus, and Figure 
255 the female of Atlanticus 
davist. 

Most of the species of this 
subfamily are local or very 
rare and not of economic im- 
portance; but species of the 
genus Anabrus and of Perdana- 
brus at times invade cultivated areas in the western United States 
and do immense damage. Many popular names have been applied 
to these insects; perhaps the one in most general use is the western 
cricket. 

A very complete monograph of the North American species of 
this subfamily has been published by Caudell (’07). 


Fig. 255.—A tlanticus davist, female. 


SUBFAMILY GRYLLACRINA 
The Leaf-rolling Grasshoppers 


The members of this subfamily agree with the preceding sub- 
families and differ from the two following in having the tarsimore or 
less depressed. They 
agree with the fol- 
lowing subfamilies 
and differ from the 
preceding in the ab- 
sence of auditory 
tympana in the fore 
tibiz and in the ab- 
sence of stridulating 
organs even when the 


Sih etartrePad 
wh > 


Fig. 256.—Cam ren a / wk : 
Biaichley) p rolinensis, female. (From tegmina are present. 


Only a single spe- 
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cies, the Carolina leaf-roller, Camptonétus carolinénsis (Fig. 256), 
occurs in our fauna. This species is wingless; it measures from 
13 mm. to r5 mm. in length. Its known range extends from New 
Jersey west to Indiana and south to Florida. 

This insect is very remarkable in its habits,which have been de- 
scribed by Caudell (’04) and McAtee (’o8). It makes a nest by 
rolling a leaf and fastening the roll with silken threads which it 
spins from its mouth. It remains in its nest during the day and 
emerges at night to capture aphids upon which it feeds. 


SUBFAMILY , RHAPHIDOPHORIN® 
The Cave-Crickets or Camel-Crickets 


Many common names have been applied to members of this sub- 
family; among these are cave-crickets, because they abound in caves 
and are found in other 
dark places; camel-crick- 
ets, because of the high, 
arched back of some 
species (Fig. 257); and 
stone-crickets, from their 
habit of hiding beneath 
stones. This last name 
is not at all distinctive. 

These are wingless 

Fig. 257.—Ceuthophilus uhleri, male. (From long-horned grass- 
Blatchley.) hoppers that bear some 
resemblance to the true 
crickets (Fig. 258). They have a short, thick body and remark- 
ably stout hind femora, like a cricket, but are entirely destitute 
of tegmina and wings, and the females, like other Tettigoniide, have 
a sword-shaped ovipositor. The more common species are either of 
a pale brown or a dirty white color and more or less mottled with 
either lighter or darker shades. 


Fig. 258.—Ceuthophilus, female. 


Fig. 259.—Ceuthophilus maculatus, 
female. (From Lugger.) 


These insects live in dark and moist places, under stones and 
rubbish, especially in woods, in cellars, in the walls of wells, and 
in caves. On one occasion I saw many thousands of them on the 
roof of a cave in Texas. bela 

Caudell (’16) in his monograph of this subfamily lists twelve gen- 
era including many species that occur in the United States. Most of 
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our common species in the East belong to the genus Ceuthophilus. 
Figure 257 represents the male of Ceuthophilus uhlert, and Figure 259 
the female of Ceuthéphilus maculatus. 


SuBFAMILY STENOPELMATIN 
The Sand-Crickets 


These are large, clumsy 
creatures with big heads (Fig. 
260). They live under stones 
and in loose soil. They are 
represented in our fauna by 
a single genus, Stenopelmatus, 
several species of which are 
found in the Far West and 
especially on the Pacific Coast. 


Famity GRYLLIDAE* 
The Crickets 


Although the word cricket forms a part of some popular com- 
pound names of members of the Tettigoniidz, as ‘western crickets”’ 
and ‘‘sand-crickets,’’ when the word is used alone it is correctly ap- 
plied only to members of this family. 


In the more typical crickets, the hind legs are fitted for leaping; 
the antennz are long and slender; the tegmina lie flat on the back 
and are bent down abruptly at the sides of the body; the ovipositor 
is spear-shaped; and the tarsi are three-jointed. Wingless forms are 
common. 

The more striking departures from these characteristics are the 
following: in the Tridactyline the antennz are short; in the Tri- 
gonidiinz the ovipositor is sword-shaped; in the Gryllotalpinee and 
the Tridactyline the ovipositor is wanting in our species; and in 
the Tridactyline the tarsi are reduced. 

It is evident that one step in the reduction of the number of tarsal 
segments is the growing together of the metatarsus and the second 
segment. ‘This is shown in the hind tarsi of Anaxipha, Cecdnthus, 
Nemobius, and doubtless others, where the suture between these two 
segments can be seen although the segments are anchylosed. 

Tympana are usually present in the fore tibia, one on each side 
of each tibia, as in the Tettigontide. In some genera one tympanum 
of each pair is wanting; this is sometimes the outer and sometimes the 
inner one; in the wingless, and therefore mute, species, the tympana 
are wanting; and in the Tridactyline there are none. 


*This family is termed the Achetide by some writers. 
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With most species of crickets the two sexes differ greatly in ap- 
pearance; the female has a long ovipositor and the venation of the 
Wings is simple, while the male has the horizontal part of the fore 
wings modified to form musical organs. The structure of these has 
been described in Chapter II. 

The Gryllide includes eight subfamilies, all of which are repre- 
sented in the United States. These subfamilies can be separated by 
the following table. 

A. The next to the last segment of the tarsi distinct, depressed, and heart- 
shaped. 


B. Hind tibize armed with two series of spines without teeth between them. 
see Merger ee ceieyse opts sets. o Gis « aptes sree. state ar eae sinter orn TRIGONIDIINA 


BB. Hind tibiz with teeth between the spines. p. 244......... ENEOPTERINE 


AA. Tarsi compressed, the next to the last segment minute, compressed. 
B. Fore legs fitted for walking. 


C. Hind tibize without spines except the apical spurs. 
D. With well-developed wings; hind tibiz with only two very small 


ApicalecpUicem NCOUEHR) fi p2A5 wlere ora er ele cae ia eee CECANTHINAE 
DD. Wingless or subapterous; hind tibiz with three pairs of apical 
SDULST De 250s where iiens Gta ae Guava ctsl ae eis ee teyel + assay « MOGOPLISTINA& 


CC. Hind tibie armed with two series of spines. 


D. Body subspherical; wingless; hind femora ovate, very strongly 
SWollenWe po 24 Olde a herd seo ahaha Mewes licens isle a MYRMECOPHILINA 


DD. Body more elongate, usually winged; hind femora more elongate, 
not exceptionally swollen. 
E. Hind tibie with minute teeth between the spines. p. 245 C(ECANTHINA 
EE. Hind tibiz without teeth between the spines. p. 247... ..GRYLLINA 
BB. Fore legs fitted for digging. 
C. Antenne many-jointed; all of the tarsi three-jointed. p. 250....... 


PUR TLE BE ee 5 ene Se Oe ae Oe noes GRYLLOTALPINE 
CC. Antenne eleven-jointed; fore and middle tarsi two-jointed, hind tarsi 
Omen] OLMbe COM WATLDI me ono 5 Uieveue elle raleie ctoielcisieieisicicioners TRIDACTYLINAE 


SuBFAMILY TRIGONIDIINA® 
The Sword-bearing Crickets 


These are small crickets, our species measuring from 4 mm. to 
8.5 mm. in length of body. They live chiefly on shrubs and tall 
grasses and weeds growing in or near water. Their distinguishing 
features are the following: The next to the last segment of the tarsi 
is distinct, depressed, and heart-shaped, the hind tibiae are slender 
with three pairs of mobile spines besides the terminal spurs, and 
with no teeth between these spines; and the ovipositor of the female 
is compressed and curved upwards. In the sword-shaped form of the 
ovipositor these crickets present a striking exception to the character- 
istics of the Gryllide. . 

The following are our best-known representatives of this sub- 
family. 

roti exigua.—This cricket resembles somewhat in general 
appearance the common small field-crickets (Nemobius), but unlike 
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them it does not live on the ground. The antenne are very long 
(Fig. 261); the ovipositor is one half as long as 
the hind femora; the hind femora of the male 
are longer than the tegmina; and the stridu- 
lating area of the tegmina is large. The length of 
the body is 5-8 mm. 

There are two forms of this species: in one, 
the hind wings are wanting and only the tympana 
on the outer face of the fore tibie are present; in 
the other, long hind wings are present and there 
is a tympanum on each face of the fore tibiz. 

This species is found from southern New 
England west to Minnesota and Nebraska and 
south to Florida and Texas. 

Falcicula hebardi.—This is a smaller species 
than the preceding, the body measuring only 4-5 
mm.inlength. It is uniform pale yellowish brown 
in color. The hind wings are wanting. The 
stridulating area is small, confined to the basal 
fourth of the tegmina. The fore tibie are without 
visible tympana. Its range extends from New 
Jersey south and southwest to Florida and Texas. 

Cyrtéxipha columbiana.—This is a small, pale 
green fading to brownish yellow, cricket; it is 
found on shrubs and small trees, usually near 
water. The wings are always present and pro- 
longed in the form of a tail or queue. Tympana 
are present on both faces of the fore tibiz. The 
tegmina extend 2-3 mm. beyond the end of the 
abdomen. The length of the body to apices of 
tegmina is 8.5 mm. Its range extends from 
Washington, D. C., to Florida and Texas. 

Phylloscyrtus pulchéllus.—This cricket differs 
from the three preceding species in having the last segment of the 
maxillary palpi spoon-shaped. The head and the thorax are bright 
crimson-red; the margin of the thorax is pale yellow; the abdomen 
is black; and the tegmina are chestnut-brown. The length of the 
body is 6-7 mm. This species is found throughout the United States 
east of the Mississippi River, except in the northern portions. 


Fig. 261.— Anaxipha 
exigua. (From Lug- 
ger.) 


SUBFAMILY ENEOPTERINA 
The Larger Brown Bush-Crickets 


These crickets resemble those of the preceding subfamily in the 
heart-shaped form of the next to the last segment of the tarsi; but 
differ in having teeth between the spines of the tibia, and in the 
ovipositor being spear-shaped. ARE 


ORTHOPTERA 


Only a few species are found in our fauna. 
three genera: Orocharis, in which both tym- 
pana of the fore tibiz are present; Hdpithus, with 
atympanum on the inner face only of the fore 
tibia; and Tafalisca, with no tympana and no 
stridulating organs. 

The most common species is Orécharis saltator 
(Fig. 262). This is usually pale reddish brown, 
but some individuals are grayish. The length 
of the body is 14-16 mm. It is found from New 
Jersey west to Nebraska and south to Florida 
and Texas. 

The only common species of Hapithus is H. 
agitator, which is found from Long Island west to 
Nebraska and south to Florida and Texas. 
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These represent 


Our only species of Tafalisca is T. lirida, 
which is found in southern Florida. 


SUBFAMILY C(ECANTHIN/® 


The Tree-Crickets Fig. 262.—Orocharis 


saltator. (From 


These are delicate crickets, many of which are Lugger.) 
of a light green color, with the body and legs 


sometimes dusky. 


Figure 263 represents a male; in the females the 


front wings are more closely wrapped about the body, giving the insect 
a narrower appearance. They live in more or less elevated positions, 
varying, according to the species, from among herbaceous plants to 
the higher parts of fruit and forest trees, hence the name tree-crickets 
commonly applied tothem. Their frequent occurrence among flowers 
suggested the namie of the principal genus, Gicanthus, implying I 
dwell in flowers. ‘Two genera of tree-crickets are represented in our 
fauna, Neoxabea and Cicanthus; these can be distinguished by differ- 
ences in the armature of the hind tibie. 


Fig. 263.—CEicanthus 
niveus, male. 


Neoxabea.—In this genus the hind tibiz bear 
neither teeth nor spines except the apical spurs, 
and the first segment of the antennz is armed in 
front with a stout, blunt tooth (Fig. 264, h). 
Neoxabea bipunctata is the only species known. 
In this species the hind wings are almost twice as 
long as the fore wings; the fore wings of the fe- 
male are each marked with two rather large 
blackish spots; the wings of the male are un- 
marked. The general color is pale pinkish brown. 
The length of the body is about 16 mm. 

(Ecainthus.—In this genus the hind tibiz bear 
both spines and teeth. Several species occur in 
the United States and Canada; these differ in the 
color of the body, in the markings on the first two 
segments of the antenna, in their song, and in the 
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elevation above the surface of the ground in which they are usually 
found. Most of our species are found east of the Great Plains; 
one, Gicdnthus califérnicus, occurs in California; and one, Cicanthus 


; 
4 


Fig. 264.—Basal segments of antenne of Cicanthus and Neoxabea. (The lettering 
is explained in the text. (After Lugger and Fulton.) 


5 


argentinus, in Texas. The species of eastern North America can 
be distinguished by the following table, which is copied from a de- 
tailed account of these insects by B. B. Fulton (’15). 


A. Basal segment of antennz with a swelling on the front and inner side. First 
and second segments each with a single black mark. 


B. Basal antennal segment with a round black spot. (Fig. 264, a)... niveus 

BB. Basal antennal segment with a J-shaped black mark. (Fig. 264, b) 

= files Shouslin te woicheyar Rens ate ba ine lenaya Reloads icdanoyeas- ba cbayotteokeratnonysaete GE. angustipénnis 

BBB. Basal antennal segment with a straight club-shaped black mark. 

(RUDRA O4RIG) oar sce eee rota co cance AAW So loa Oca RC acne) ee CE. exclamationis 

AA. Basal antennal segment without a swelling on the front and inner side. 

First and second antennal segments each with two black marks or entirely 
black. Tegmina of males 5 mm. or less in width. 

B. Head and thorax pale yellowish green or black or marked with both colors. 

C. First antennal segment with a narrow black line along inner edge and a 

black spot near the distal end. Body entirely pale yellowish green. (Fig. 

DOA, Ad) {sro Se, AE Oe Me eee OR ee GE. quadripunctatus 

CC. First antennal segment with black markings similar to above, but 

broader and usually confluent, sometimes covering the whole segment. 

Head and thorax often with three longitudinal black stripes; ventral 

side of abdomen always solid black in life. (Fig. 264, c)..C£. nigricornis 

BB. Head, thorax, and antenne reddish brown. Wings in life with conspicuous 

green veins. Marks on basal antennal segment broad but seldom con. 

fluent (Fisk 64s fee Sees Pee ae bees ket a renen AMAA D Doa | ee . pint 

AAA. Basal antennal segment without a swelling on the front and inner side. 


Basal portion of antenna red unmarked with black. (Fig. 264, g). Teg- 
folate, (Ohi Tames) falloYeyeliy ts) smMbNY, WWaKGl®, . .. on coc wconooae CE. latipennis 


The species of Gicanthus that most often attracts attention is 
the snowy _tree-cricket, Cicanthus niveus (Fig. 263). The pres- 
ence of this insect, though usually unseen, is made very evident in late 
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summer and in the autumn by the song of the males. This song is begun 
early in the evening and is continued through- 
out the night; it consists of a monotonous series 
of high-pitched trills rhythmically repeated in- 
definitely. It is a remarkable fact that all of 
these crickets that are chirping in any locality 
chirp in unison. Individual singers will stop 
to rest, but when they start again they keep 
time with those that have continued the chorus. 
Except where the true katydid is heard, this is 
the most conspicuous insect song heard in the 
night in the regions where this species occurs. 
This cricket inhabits chiefly high shrubs and 
trees; it deposits its eggs singly in the bark or 
cambium of trees and bushes. 


While the presence of the snowy tree-cricket 
is made evident by its song, there is another 
species that has attracted much attention by 
its manner of oviposition; this is Gicdnthus 
nigricornis. The female lays her eggs in a 
longitudinal series in the twigs or canes of 
various plants (Fig. 265). She selects the rasp- 
berry more often than any other plant; and 
as that portion of the cane beyond the incisions 
made for the eggs usually dies, it often happens df 
that these crickets materially injure the plants. Fig.265.—Stem of black 
In such cases the dead canes should be cut out ee ee 
and burned early in the spring before the eggs nis: ¢, d, egg ener 
hatch. (From Riley.) 


SUBFAMILY GRYLLINA 
The Field-Crickets 


The field-crickets abound everywhere, in pastures, meadows, and 
gardens; and certain species enter our dwellings. They lurk under 
stones or other objects on the ground or burrow into the earth. 
They are chiefly solitary, nocturnal insects; yet many can be seen 
in the fields in the daytime. They usually feed upon plants but are 
sometimes predacious. With most species the eggs are laid in the 
autumn, usually in the ground, and are hatched in the following 
summer. The greater number of the old crickets die on the approach 
of winter; but a few survive the cold season. In many of the species 
there are both short-winged and long-winged forms. 

This subfamily is represented in our fauna by several genera; 
but nearly all of our common species are included in the two genera 
Gryllus and Nemobius. 
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The larger field-crickets, Grjllus—The members of this genus are 
dark-colored, thick-bodied insects of medium or large size. In these 
the hind tibiz are armed with strong 
fixed spines and the first segment of 
the hind tarsi is armed with two 
rows of teeth above. There are 
two auditory tympana in each fore 
tibia. The length of the body is 
rarely less than 14 sie F 

: =. lial aciues Many supposedly distinct 
oe. ar Aa aela et species of Gryllus have been de- 
scribed as occurring in our fauna; 
but now all of our native forms are believed to be merely varieties of 
one species, Gryllus assimilis, and the different varieties are distin- 
guished by subspecific names. Six of these varieties that occur in 
the East are described by Blatchley (’20). Two of these will serve 
to illustrate our native forms. 


Gryllus assimilis luctudsus.—This is one of our more common 
forms of the genus. It is distinguished by the great length of the 
ovipositor of the female, which is nearly or 
fully half as long again as the hind femora 
(Fig. 266); and by the fact that the head of 
the male is distinctly wider than the front 
of the pronotum. 

Gryllus assimilis pennsylvdnicus.—In 
this variety the ovipositor is less than half 
as long again as the hind femora, and the 
head of the male is but little if any wider 
than the front of the pronotum (Fig. 267). 
In fresh specimens the color is not shining 
black, but with a very fine grayish pubes- 
cence. 

In addition to our native forms of Gryllus, 
there is an Old World species that has been 
introduced into this country; this is the 
house-cricket, Grjllus domésticus. Refer- 
ences to the “cricket of the hearth” are 
common in English literature and refer to 
this species, which is now widely distributed 
in this country, though it is rarely abundant. 
It is pale yellowish brown or straw-colored, A 2 
and slender in form (Fig. 268). The length ae ict eaep we 

ji } y Nt- 
of the body IS) ul) vanhaal, cus. (From Lugger.) 

Our native field-crickets sometimes enter 
our dwellings in the autumn; but the house-cricket can be easily 
distinguished from these. 


_ The smaller field-crickets, Nemdbius.—To this genus belong the 
little field-crickets, which are the most abundant of all of our crickets. 
In these the hind tibie are furnished with long, mobile, hairy spines, 
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and the first segment of the hind tarsi is unarmed above or with only 
one row of teeth. There is only one tympanum in each fore tibia 
The length of the body is less than 12 mm. 

There are many species and varieties of this genus in our fauna. 
The following enlarged figures of two of our species will serve to 


illustrate the form of these insects. 


(Fig. 269 and 270.) 


Fig. 270.— Nemo- 
; A bius palustris. 
Fig. 268.—Gryllus do- Fig. 269.— Nemo- (Fom Blatch- 
mesticus. (From Lug- bius fasciatus. ley.) 


ger.) 


(From Lugger.) 


SUBFAMILY MYRMECOPHILIN® 


The Ant-loving Crickets 


The members of this subfamily are very small crickets, which live 


as guests in the nests of ants. 
The form of these crickets is very 
remarkable. The body is ovate, 
greatly convex above, and wing- 
less (Fig. 271); the hind femora 
are ovate and greatly enlarged, 
the cerci are long; and the ovi- 
positor is short and stout. 


Wheeler (’oo) states that 
these crickets feed on an oily 
secretion covering the surface of 
the body of the ants; they also 
obtain this substance from the 
greasy walls of the ant-burrows. 


Fig. 271.—Myrmecophila pergandet. 
(From Lugger.) 


Apparently the ants derive no benefit from the presence of these 
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guests, and destroy them when they can; but the crickets are very 
agile. These are the smallest of the true Orthoptera. 

This subfamily includes a single genus, Myrmecéphila, of which 
five species have been described from the United States. Only one 
species has been found in the East; this is Myrmecéphila pergdndet. 
In this species the length of the body is 3-5 mm. 


Supramity MOGOPLISTINA 
The Wingless Bush-Crickets 


Thesé crickets are found chiefly on bushes or among rubbish under 

bushes/:some are found beneath debris in sandy places. They are 

= small; those found in the 

United States measure from 
5 mm. to 13 mm. in length of 
body. ‘They are either wing- 
less or furnished in the male 
sex with short tegmina, in 
which the stridulating organs 
are well developed. The body 
is covered with translucent, 
easily abraded scales. 

Most of the species are 
tropical or subtropical in dis- 
tribution; our species are 
found chiefly in the South and 
Fig. 272.—Cryptopti- Southwest; but the range of / 

lum trigonipalpum. one of them extends north to Fig. 273—Holosphy- 
(From Rehn and Long Island. Only four spe- 7” boreale. (From 
sel eash) cies have been described from See ee eS 
the East and one of these is ; 
restricted to Florida. A few others are known from the western part 
of our country. A monograph of the North American species was 
published by Rehn and Hebard ('12). 

Figure 272 represents the male of Cryptoptilum trigonipalpum, a 
wingless species found from Virginia southward; and Figure 273, the 
male of Holosphyrum boreale, found in the Southwest. 


SUBFAMILY GRYLLOTALPIN/AE 
The Mole-Crickets 


The mole-crickets differ greatly in appearance from the more 
typical crickets, the form of the body and of the fore legs being 
adapted to burrowing in the ground. The front tibia, especially, 
are fitted for digging; they are greatly broadened and shaped some- 
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what like a hand or a foot of a mole; they are terminated by strong 


blade-like teeth, termed the dactyls (Fig. 274). 


Two of the tarsal segments are blade-like and so situated that 


they can be moved across the dactyls like the 
cutting blades of a mowing machine (Fig. 27s). 
Sharpe (’95) states that this organ enables the 
mole-cricket to cut the small roots it meets in 
digging its burrows; but this is doubted by Morse 
(20), who believes that the roots are cut by the 
powerful mandibles. 

The antennz of mole-crickets are much shorter 
than the body; the hind femora are but little 
enlarged, not well fitted for jumping; and the 
ovipositor is not visible externally. The name of 
the type genus, Gryllotalpa, is from Gryllus, a 
cricket, and talpa, a mole. 

Two genera of mole-crickets are found in the 
United States: Gryllotalpa, in which the front 
tibiee are furnished with four dactyls; and Scap- 
teriscus, in which each fore tibia bears only two 
dactyls. Each of these genera is represented in 
our fauna by several species. 


Our best-known and most widely distributed Fi 


species is Gryllotalpa hexadactyla (Fig. 274). This 


g.274. —Gryllotal- 
pa hexadactyla. 


species has been generally known in this country as Gryllotdlpa 


Fig. 275.—Front leg of a mole-cricket; 
A, inner aspect; B, outer aspect; e, 
ear-slit. (From Sharp.) 


borealis; but this name is now be- 
lieved to be a synonym. The 
range of this species extends from 
British America to the southern 
part of South America. The 
length of the body is 20-30 mm. 

The mole-crickets are not 
common insects in this country; 
but occasionally they are found 
in great numbers in a limited lo- 
cality. They make burrows in 
moist places from six to eight 
inches below the surface of the 
ground, and feed upon the tender 
roots of various plants, and also 
on other insects. The eggs are 
deposited in a neatly constructed 
subterranean chamber, about the 
size of a hen’s egg. 


SupFramMiILy TRIDACTYLINA® 
The Pigmy Mole-Crickets 


The members of this subfamily resemble the mole-crickets in the 
form of the body and in their burrowing habits; but they are much 
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smaller, the larger species measuring only ro mm. in length; and the 
hind femora are greatly enlarged, being strongly saltatorial (Fig. 276). 
The antenne are short and composed of only eleven 
segments. The fore wings are usually short and 
never extend to the end of the abdomen; they are 
horny, are almost veinless, and are not furnished 
with stridulating organs in the male. The hind wings 
are much longer, usually extending beyond the end 
of the abdomen. The fore tibie lack auditory 
tympana. The first four tarsi, in our genera, are 
two-jointed; the hind tarsi are one-jointed or want- 
ing. The hind tibiae are furnished with movable 
plates, ‘‘natatory lamelle,”’ near the distal end; these 
are ordinarily closely appressed to the tibia but can 
be spread out like a fan. It is probable that these Rie 376 Ce pe 
plates are used to aid the insect in leaping from the —dactyius apica- 
surface of water upon which they have jumped; Us. (From Lug- 
they may also serve a similar purpose on land, mak- = 8®- 

ing a firm planting of the end of the leg upon the 

ground. The ovipositor is vestigial in our species; but Walker (’19) 
states that in the exotic genus Riprpteryx there is a well-developed 
ovipositor, which is remarkably similar to that of the short-horned 
grasshoppers. These insects apparently have two pairs of cerci; this 
is due to the fact that in addition to the true cerci each of the two 
podical plates is greatly elongated and bears a terminal segment, 
which appears like a stylus or cercus. 

These insects burrow rapidly in sand and possess great powers of 
leaping. They live on and in the damp sand on the shores of ponds 
and streams. Their burrows extend only a short distance below the 
surface of the ground. 

Only two genera, each represented by a single species, have been 
found in America north of Mexico. 

Tridactylus.—In this genus the hind tibiz are furnished with four 
pairs of long, slender plates, the “‘natatory lamelle;’’ and the hind 
tarsi are one-jointed. Our species is Triddctylus apicalis (Fig. 276). 
The length of the body is 6-9.5 mm. 

Ellipes.—In this genus the hind tibie are furnished with a single 
pair of “‘natatory lamelle’’; and the hind tarsi are wanting. Our 
species is Ellipes minita. The length of the body is 4-5 mm. 

Walker ('r9) as a result of his studies of the genitalia of Ripi- 
pteryx believes that the pigmy mole-crickets are more closely allied 
to the Locustidee than they are to the Gryllide, and ranks them as 
constituting a distinct family, the Tridactylide. 


Famity LOCUSTIDA* 
The Locusts or Short-horned Grasshoppers 
The family Locustide includes the locusts or short-horned grass- 


*This family is termed the Acridide by some writers, this name being based on 
the generic name Acrida of Linnzus; other writers use the family name Acry- 
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hoppers. These are common and well-known insects. They differ 
from most of the members of the two preceding families in having 
the antenne much shorter than the body, and consisting of not more 
than twenty-five segments. The ovipositor of the female is short 
and composed of separate plates; and the basal segment of the 
abdomen is furnished on each side with a tympanum, the external 
parts of the organs of hearing (Fig. 277, ?). 


It is to these insects that the term locust is properly applied; 
for the locusts of which we read in the Bible, and in other books 
published in the older countries, are members of this family. 
Unfortunately, in the United States the term locust has been applied 
to the Periodical Cicada, a member of the order Homoptera, described 
later. And, what is more unfortunate, the scientific name Locus- 
tide has been applied by many writers to the long-horned 
grasshoppers. 


Locusts lay their eggs in oval masses and cover them with a 
tough substance. Some species lay their eggs in the ground. The 
female makes a hole in the ground with her ovipositor, which is a 
good digging tool. Some species even make holes in fence-rails, logs, 
and stumps; then, after the eggs are laid the hole is covered up with 
a plug of gummy material. There is but one generation a year, and 
in most cases the winter is passed in the egg-state. This family is 
of great economicimportance, as the members of it usually appear in 
great numbers in nearly every region where plants grow, and often 
do much damage. 


With many species of the Locustidz the males are furnished with 
stridulating organs. These have been described in Chapter II, 
page 82. 

There are very many species of locusts in the United States and 
Canada; these represent four of the subfamilies of the family Locus- 
tide, which can be separated by the following table. 


A. Claws of the tarsi with a small pad (arolium) between them; pronotum ex- 
tending at most over the extreme base of the abdomen. 


B. Prosternum armed anteriorly with a distinct conical or cylindrical tubercle. 


D2 54a eras ok tere ae wie: 85.3 ERS yee chaker oI Nay oe LocustTIN&. 

BB. Prosternum without a distinct tubercle; arolium usually small or rather 
small. 

C. Head rounded at the union of the vertex and front; front perpendicular 

OF MEATY ESOnt Pee 5 eed Sel iche dens Alene. see alebyonenl cee seth eleale ela tis CEDIPODINA, 

CC. Vertex and front of head meeting at an acute angle; vertex extending 

horizontally; front strongly receding. p. 259.......... TRUXALINA, 

AA. Claws of tarsi without an arolium between them; pronotum extending over 

EDSPADGOMEIE D250 wo oom w cucitsirutncie reumelelecelsie, lone) eikonmbestereierens ACRYDIINA. 


diidz, based on the generic name Acrydium of Fabricius; and still others use the 
family name Acridiide, based on Acridium, an emended spelling of Acrydium. 
The oldest name given to this family is Acrydiana, applied to 1t by Latreille in 
1802; but the group of insects that Latreille used as the type of the family is the 
Locusta of Linnzus (1758); for this reason the name given to the family by 
Latreille has been changed to Locustide. See also the footnote on page 234. 
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SuBFAMILY LOCUSTINA® 
The Spur-throated Locusts 


The members of this subfamily are distinguished from other 
North American locusts by the presence of a tubercle on the pro- 
sternum. Here belong 
many of our more com- 
mon species; and among 
them are found the most 
injurious insects of the 
order Orthoptera. Among 
Fig. 277.Side view of a female locust with the ih poet Oe pUCTICS 

wings removed. 8. : 
The Rocky Mountain 
locust or western grasshopper, Meldnoplus sprétus.—The most terrible 
of insect scourges that this country has known have been the invasions 


Fig. 278.—Egg-laying of the Rocky Mountain Locust: a, a, a, female in different 
positions, ovipositing; b, egg-pod extracted from the ground with the end 
broken open; c, a few eggs lying loose on the ground; d, e, show the earth 
partially removed, to illustrate an egg-mass already in place, and one being 
placed; f shows where such a mass has been covered up. (From Riley.) 


of this species. Large areas of country have been devastated, and the 
inhabitants reduced to a state of starvation. The cause of all this 
suffering is not a large insect. It is represented in natural size by 
Figure 278. It measures to the tip of its 
wing-covers 20-35 mm., and resembles 
very closely our common red-legged 1lo- 
cust, the most abundant of all our species. 
It can easily be distinguished from this 
species by the greater length of the wings, 
which extend about one-third of their 
length beyond the tip of the abdomen, 
and by the fact that the apex of the last 
abdominal segment in the males is distinctly notched. 


Fig. 279.—Melanoplus femur- 


rubrum. 
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The permanent home or breeding grounds of this species is in the 
high, dry lands on the eastern slope of the Rocky Mountains, extend- 
ing from the southern limit of the true forests in British America 
south through Montana, Wyoming, the western part of the Dakotas, 
and the Parks of Colorado. There are also regions in which the species 
exists permanently west of 
the Rocky Mountains in 
Idaho and Utah. 


When the food of this 
insect becomes scarce in its 
mountain home, it migrates 
to lower and more fertile re- 
ARE t es One le Ae a eee OS bivittatus. (From 
tances; and thus the larger ‘ 
part of the region west of the Mississippi River is liable to be invaded 
by it. Fortunately, the species cannot long survive in thelow, moist 
regions of the valleys. Although the hordes of locusts which reach 
these sections retain their vigor, and frequently consume every bit 
of green vegetation, the young, which 
hatch from the eggs that they lay, perish 
before reaching maturity. In this way 
the invaded region is freed from the pest 
until it is stocked again by another in- 
cursion. There is, however, a large sec- 
tion of country lying immediately east of 
the great area indicated above as the 
permanent home of this species, which it 
frequently invades and in which it can 
perpetuate itself for several years, but 
from which it in time disappears. This 
sub-permanent region, as it has been 
termed, extends east in British America 
so as to include nearly one-third of Mani- 
toba; and, in the United States, it em- 
braces nearly the whole of the Dakotas, 
the western half of Nebraska, and the 
northeast fourth of Colorado. 


The temporary region, or that only 
periodically visited and from which the 
Fig. 281.—Melanoplus bwitta- species generally disappears within a year, 

ius killed by a fungus. extends east and south so as to include 

om Tee more than half of Minnesota and Iowa, 

the western tier of counties of Missouri, 

the whole of Kansas and Oklahoma, and the greater part of 

Texas. The country lying east of the section thus indicated. has 

never been invaded by this locust, and there is no probability that 
it will ever be reached by it. 


OWN 
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Detailed directions for the control of this pest have been pub- 
lished in many State and Federal Government reports. Among these 
= methods of controlare 
the plowing of land in 
which its eggs have 
been deposited, the 
use of poisoned bran- 
mash as a bait, and 
LE catching of the insects 
Fig. 282.—Melanoplus differentialis. (From Riley.) by machines com- 
monly known as “hopper dozers.”’ os 
The red-legged locust, Meldnoplus femur-rabrum.—This is the 


Fig. 283.—Schistocerca americana. (From Riley.) 


most common short-horned grasshopper throughout the United 
States, except where Melanoplus , 

spretus occurs. It ravages our 
meadows and pastures more than all other 
species combined. It is found in most 
parts of North America. The female is 
represented, natural size, by Figure 279. 

Melanoplus bivittatus—This species 
is also found from the Atlantic to the 
Pacific. It is marked with a yellowish 
stripe, extending along each side from 
the upper angle of the eye to the tip of 
the front wing (Fig. 280). The length of 
the body varies from 23 mm. to 4o mm. 

This locust is often killed by a para- 
sitic: fungus. Dead fungus-infected in- 
dividuals are frequently found clinging to 
weeds, up which they have climbed to 
die (Fig. 281). 

Meldnoplus differentialis—This spe- 
cies is slightly larger than the preceding; 
and it lacks the prominent yellow stripe 
(Fig. 282). 

Schistocerca americana.—This magnifi- 
cent species occurs in the Southern States 4; ce : 
and has been found as far north as Con- a es es wet 
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necticut and Iowa. It can be recognized by Figure 283, which rep- 
resents it natural size. This locust sometimes assumes the migratory 
habit, and is sometimes injurious to agriculture. 


The lubber grasshopper, Brachystola mdgna.—This is a large 
clumsy species in which the wings are vestigial (Fig. 284); it is 
confined to the central portion of North America. 

Leptysma marginicollis — 
In most of the spur-throated 
locusts the face is nearly ver- 
tical; but in a few species it 
is very oblique. This species 
is a good illustration of this 
type (Fig. 285); it is found in 
the Southern States east of the 
Mississippi River. 


Fig. 285.—Leptysma marginicollis, 


SUBFAMILY C2EDIPODINA 


The Band-winged Locusts 


In this subfamily the prosternum is without a distinct tubercle; 
the head is rounded at the union of the vertex and the front; and the 
front is perpendicular ornearlyso. In most of our species the hind 
wings are in part black, and a portion of them yellow or red; this 
gives them a banded appearance. There are many representatives 
of this subfamily in our fauna; the following are some of the more 
common ones. 


The clouded locust, Encoptoléphus sordidus.—This species (Fig. 
286) is very common in the eastern United States during the autumn. 
It abounds in meadows and pas- 
tures, and attracts attention by 
the crackling sound made by the 
males during flight. It is of a 
dirty brown color, mottled with 
spots of a darker shade. The 
length of the body of the male is 19- 
Fig. 286.—Encoptolophus sordidus. 22 mm.;of the female, 24—32mm. 


The northern green-striped locust, Chortophaga viridifasciata.— 
This is a very common species in the United States and Canada east 
of the Rocky Mountains. There are two well-marked varieties. 
tn one, the typical form, the head, thorax, and _femora are 
zreen, and there is a broad green stripe on each fore wing, extend- 
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ing from the base to beyond the middle; this often includes 


Fig. 287.-Dissosteira carolina. (From Lugger.) 


stridulate while in the air. 
simulating that of the soil upon which 
itis found. It is usually of a pale yel- 
lowish or reddish brown, with small 
dusky spots. The hind wings are black, 
with a broad yellow margin which is 
covered with dusky spots at the tip 
(Fig. 287). 

Boll’s locust, Spharagemon béllt.— 
This species is widely distributed in the 
United States and southern Ontario 
east of the Rocky Mountains. The 
length of the body of the male is 20-28 
mm., of the female 27-36 mm. The 
hind wings are pale greenish yellow at 
the base and are crossed by a dark 
band; the apical third is transparent 
smoky in color (Fig. 288). 


The coral-winged locust, Hippiscus 
apiculatus.—This is one of the larger 
of our band-winged locusts (Fig. 289). 
The length of the body of the male is 


two dusky spots on the 
edge. In the other vari- 
ety, the ground color is 
dusky brown. Intergrades 
occur, in which the head 
and thorax are of a reddish 
velvety brown. The length 
of the body is 17-32 mm. 


The Carolina locust, 
Dissostéira carolina.—Not- 
withstanding its specific 
name, this species is com- 
mon throughout the United 
States and Canada. It is 
a large species; the length 
of the body of the males is 
24-33 mm., of the females 
33-40 mm. It abounds in 
highways and in barren 
places. It takes flight 
readily, and the males 


The color of this insect varies greatly, 


Fig. 288.—Spharagemon bolli. 
(From Lugger.) 


25-30 mm., of the female 36-44 mm. The general color is ash-brown. 
The basal portion of the hind wings is bright coral-red, rarely yellow: 
this partis bordered without by a dark band. This species is widely 
distributed east of the Rocky Mountains. 
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Fig. 289.—Hippiscus apiculatus. (From Lugger.) 


SUBFAMILY TRUXALINZE 
The Slant-faced Locusts 


In this subfamily, as in the preceding one, the prosternum is 
unarmed but the head is of a different form. In the Truxaline, 
the vertex and the front meet on an 
acute angle. In some species this 
angle is a sharp one, the shape of 
the head being similar to that of 
Leptysma (Fig. 285). In other 
species, however, the front is less 


pt ar dae : receding; this is the case in the fol- 
: : lowing species. 
Fig. 290.—-Chloealiss conspersa, The sprinkled locust, Chloédltis 


ies (4 L , ere 
Peas eee nueet,) conspérsa.—This is a very abundant 


species in the northern United 
States and Canada east of 
the. Great Plains. -It' is 
brown, with thesides of the 
pronotum and the first two 
or three abdominal seg- 
ments shining black in the 
male; and with the body 
and tegmina of the female 
sprinkled or mottled with pig. 291.—Chloealtis conspersa, female. (From 
darker brown. The teg-  Lugger.) 
mina and hind wings are a 
little shorter than the abdomen in the male (Fig. 290), and much 
shorter in the female (Fig. 291). The males measure 15-20 mm. in 
length; the females, 20-28 mm. 


SuBraMiILy ACRYDIIN 
The Pigmy Locusts 


The Acrydiinze includes small locusts of very unusual form. 
They differ so much from other locustids that some students of the 
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Orthoptera believe they constitute a separate family. The most 
striking character of the subfamily is the 
shape of the pronotum. This is prolong- 

ig ed backwards over the abdomen to or beyond 
its extremity (Fig. 292). The head is deeply 
set in the pronotum; and the prosternum is ex- 
panded into a broad border, which partly 
envelops the mouth-parts like a muffler. The antennze are very 
slender and short. The tegmina are vestigial, being in the form of 
small, rough scales; while the wings are usually well-developed. 

These locusts differ, also, 

from all others in having 

no arolium between the 
claws of the tarsi. 

The pigmy locusts are 
commonly found in low, 
wet places, and on the 
borders of streams. 
Their colors are usually 
dark, and are often pro- 
tective, closely resem- 
bling the soil upon which 
the insects occur. They Fig. 293.—Acrydium granulatum. (From Blatch- 
are very active and pos- ley, after Kirby.) 
sess great leaping powers. 

Some of the species vary greatly in coloring; this has resulted 
often in a single species being described under two or more names. 
This isan exceedingly difficult group in which 
to determine the species. 

Figure 293 represents Acrjdium granulatum 
with its wings spread, and the pronota of two 
color varieties. 

Figure 294 represents Acrydium arendsum 
obscurum, greatly enlarged, with its wings 
closed. 


Fig. 292.—A pig- 
my locust. 


Famity PHASMIDAi* 
The Walking-Sticks and the Leaf-Insects 


The Phasmide is of especial interest on ac- 
count of the remarkable mimetic forms of the 
Fig. 20 eee dcia BPs omen it. In those species that 

arenosum obscurum. are found in the United States, except one i 

(From Hancock.) Florida, the body is linear (Fig. 29 Se slacaac, 
and furnished with long legs and antenne. This peculiar form 
has suggested the name walking-sticks which is commonly applied 


*This family is separated from the Orthoptera by Handlirsch (’06-’o 
made to constitute a distinct order, the Phacnedened : sees 
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to these insects; they are also known as stick-insects. In some 
exotic species the body has the appearance of being covered with 
moss or with lichens, which increases the resemblance to a stick 
or a piece of bark. 


While our species are all wingless, except Aplopus mayeri, found 
in southern Florida, many exotic species are furnished with wings; 
and with some of these the wings resemble leaves. Among the 
more remarkable of the leaf-insects, as they are known, are those 
of the genus Phyllium (Fig. 296), the members of which occur in 
the tropical regions of the Old World. 


In the walking-sticks, the body is elongate and subcylindrical, 
the abdomen consists of ten segments, but the basal segment is 
small and usually coalesced with the metathorax and sometimes it 
is entirely invisible; the legs are all fitted for walking, the tarsi 
are five-jointed except in the genus 7imema, where they are three- 
jointed; the cerci are without joints. 

These insects are strictly herbivorous; 

they are slow in their motions, and often 
remain quiet for a long time in one place. 
They evidently depend on their mimetic 
form for protection. In addition to this 
some species have the power of ejecting a 
stinking fluid, which is said to be very 
acrid; this fluid comes from glands placed 
in the thorax. 

The eggs are scattered on the ground 
beneath the plants upon which the insects 
feed, the female, unlike most Orthoptera, 
making no provision for their safety. In 
our common northern species the eggs are 
dropped late in the summer and do not 
hatch till the following spring, and they 
often remain till the second spring before 
they hatch. 

About 600 species of phasmids have 
been described; but they are largely 
restricted to the tropical and subtropical 
regions. Caudell (’03) in his monograph 
of the species of the United States enu- 
merates sixteen species that occur in our 
fauna; but these are found chiefly in the 
southern part of the country. 

Our common northern walking-stick 
is Diapheromera femorata (Fig. 295). The 
range of this species extends into Canada. 

It is a quite common insect, and on sev- Fig. 295.—Diapheromera fem- 
eral occasions has appeared in such great ~ Gyata, 

numbers as to be seriously destructive to 

the foliage of forest trees; but these outbreaks have been temporary. 
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Among the more striking in ap- 
pearance of the walking-sticks found 
in the South are Megaphasma déntricus, 
our largest species, measuring from 125 
to15omm. inlength, and Antsomérpha 
buprestoides, a yellowish brown species, 
about half as long as the preceding, 
with conspicuous, broad, black stripes 
extending from the front of the head 
to the tip of the abdomen. 

The reproduction of lost legs occurs 
frequently in this family. 


Famity MANTIDA* 


The Praying Mantes or Soothsayers 


ao The praying mantes are easily rec- 
Fig. 296.—Phyllium scythe. (From ognized by the unusual form of the 

Sharp, after Westwood.) prothorax and of the first pair of legs 
(Fig. 297). The prothorax is elongate, sometimes nearly as long as 
the remainder of the body; and the front legs are large and fitted 
for seizing prey. The coxe of the front legs are very long, pre- 
senting the appearance of femora; and the femora and tibie of 
these legs are armed with spines; the tibia of each leg can be 
folded back against the femur so that the spines of the two will 
securely hold any insect seized by the praying mantis. 

The second and third pairs of legs are simple and similar; the 
tarsi are five-jointed; and the cerci are jointed. 

With some species the wings resemble leaves of plants in form 
and coloring. This resemblance is protective, causing the insects 
to resemble twigs of the plants upon which they are. 

All of the species are carnivorous, feeding on other insects. 
They do not pursue their prey but wait patiently with the front 
legs raised like uplifted hands in prayer, until it comes within reach, 
when they seizeit. This position, which they assume while waiting, 
gives them most of their popular names, of which there are many. 

The eggs of the Mantide are encased in chambered odthece, 
which are usually fastened to the stems or twigs of plants (Fig. 298). 
In the case of the species that occur in the North, there is only 
one generation in a year and the winter is passed in the egg-state. 

Most of the members of this family are tropical insects; a few 
species, probably less than twenty, live in the southern half of 


*This family is separated from the Orthoptera by Handlirsch (’06-’08) and 
made to constitute a distinct order, the Mantoidea. 
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the United States; and one of our native species, Stagmomdntis 


Fig. 297.—Stagmomantis carolina. 


carolina (Fig. 297), is found as far north as Maryland 
and southern Indiana. 


Recently two exotic species have been introduced 
into the Northern States, probably by the importa- 
tion of odthecee on nursery stock, and have become 
established here. These are the Mantis religiosa of 
Europe, which was first observed in this country 
near Rochester, N. Y., in 1899, and Paratenodéra 
stnénsis of China and Japan, which was first ob- 
served here at Philadelphia about 1895. 


Famity BLATTIDA:* 
The Cockroaches 


The cockroaches are such well-known insects that 
there is but little need for a detailed account of their 
characteristics. As already indicated in the table of 
families, the body is oval and depressed; the head is 
nearly horizontal, and wholly or almost wholly 
withdrawn beneath the pronotum; the head is bent 
so that the mouth-parts project caudad between 
the bases of the first pair of legs; the antennz are 
long and bristle-like; and the pronotum is shield-like. 
This family includes only the cockroaches; but these Fig. 298.—Egg- 
insects are known in some localities as “black  @S°s oes 
beetles,’ and our most common species in the): Qing (From 
northern cities bears the name of Croton-bug. Riley.) 


*This family is separated from the Orthoptera by Handlirsch (’06+'08) and 
made to constitute a distinct order, the Blattoidea. 
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In the Northern States our native species are usually found in 

the fields or forests under sticks, stones, or other rubbish. But 

certain imported species become pests in dwell- 

> isis ings. Inthe warmer parts of the country, how- 

ever, native and foreign species alike swarm in 

Fig. 299.—Odtheca of a buildings of all kinds,and are very common out 
cockroach, of doors. 


Cockroaches are very general feeders; they destroy nearly all 
forms of provisions, and injure many other kinds of merchandise. 
They often deface the covers of cloth-bound books, eating blotches 
upon them for the sake of the sizing used in their manufacture; and 
I have had them eat even the gum from postage stamps. They thrive 
best in warm, damp situations; in dwellings they prefer the kitchens 
and laundries, and the neighborhood of steam and water pipes. They 
are chiefly nocturnal insects. They conceal themselves during the 
day beneath furniture or the floors, or within the spaces in the walls 
of a house; and at night they emerge in search of food. The de- 
pressed form of their bodies enables them to enter small cracks in 
the floors or walls. 


Not only are these insects very destructive to our possessions, but 
owing to their fetid odor merely the sight of them awakens disgust; 
but it is due them to state that they are said to devour greedily bed- 
bugs. This will better enable us to abide their presence in our 
staterooms on ocean voyages, or in our chambers when we are forced 
to stop at poor hotels. 


The eggs of cockroaches are enclosed in purse-like capsules (Fig. 
299). These capsules, or odthece, vary in form in different genera, 
but are more or less bean-shaped. Within, the odtheca is divided 
into two parallel spaces, in each of which there is a row of separate 
chambers, each chamber enclosing an egg. The female often carries 
an odtheca protruding from the end of the abdomen for several days. 
It has been found that a single female may produce several odthece. 

The nymphs resemble the adults except in size, and, 
in the case of winged species, in the degree of develop- 
ment of the wings. In adults also of some species the 
wings are reduced, atrophied, or absent; this condi- 
tion exists more frequently in females than in males 
(Fig. 300). 

_ As in most other insects, the homologies of the 
Wwing-veins can be most easily determined by a study 
of the tracheation of the wings of nymphs; Figure 301 
will serve to illustrate this. 


Experiments conducted by the Bureau of Ento- 
mology at Washington have shown that one of the Fig. 300.—A 
most effective means of ridding premises of cockroaches Wingless 
is dusting the places they frequent with commercial ores: 
sodium fluorid. Several other substances are used for this purpose : 
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among these are borax, pyrethrum, sulphur, and phosphorus paste. 


Cockroaches are chiefly inhabitants of warm countries; although 
nearly one thousand species have been described, few are found in the 


Fig. 301.—Fore wing of a nymph of a cockroach. 


temperate regions. Only forty-three species have been found in 
North America north of the Mexican boundary, and ten of these 
are probably introduced species (Hebard ’17)._ The cockroaches that 
are most often found in buildings are two introduced species, the 
Croton-bug and the Oriental cockroach, and two native species, the 
American cockroach and the common wood-cockroach. The adults 


Fig. 302.—The Croton-bug: a, first instar; 6, second instar; c, third instar; d, 
fourth instar; e, adult; f, adult female with egg-case; g, egg-case, enlarged; 
h, adult with the wings spread. All natural size except g. (From Howard 
and Marlatt.) 


of these four species can be separated by the following table. For 
tables separating all North American species see Hebard (’17). 


A. With well-developed tegmina. 
Tegmina extending to or beyond the tip of the abdomen. 
C. Body about 12 mm: in length...............,..:. The Croton-bug 
CC. Body 16 mm. or more in length. 
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D. Margin of the pronotum light in color while the disk is dark. 
eee ee Sarak penne ROU PSS, Sina Colao The common wood-cockroach, male 


DD. Pronotum reddish-brown with two blotches of a lighter color. 
Be OR CEM ce tr Bari Oh Ac bb abt The American cockroach 


BB. Wings not extending to the tip of the abdomen, 


C. With a light band on each lateral border of the pronotum......... 
Be rr enrannii ano Balin oMo.Un ovdo ¢ The common wood-cockroach, female 


CC. With no bands onthe pronotum.......... The Oriental cockroach, male 
AA. Tegmina represented by small ovate pads....... The Oriental Aas 
emale 


The Croton-bug, Blattélla germdnica (Fig. 302), is the best-known 
of all of the cockroaches in our northern cities. Itis easily recognized 
by its small size, about 
12 mm. in length, and 
by its pale color with 
two dark, parallel 
bands on the prono- 
tum. <lts<popular 
name originated in 
New York City, and 
was suggested by the 
fact that this pest is 
very abundant, in 
houses, about water 
pipes connected with 
the Croton Aqueduct. 
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Fig. 303.—The oriental cockroach: a,: female; 5, 
male; c, side view of female; d, half-grown speci- 
men. All natural size. (From Howard and Mar- 
latt.) 


This is aspeciesintro- 
duced from Europe; 
it has spread to nearly 
all parts of the world, 
living upon ships, and 
spreading from them. 

The oriental cock- 
roach, blatia ortentalis 


Wigwsos), issalsora 
cosmopolitan species; its original habitat is supposed to have been 
in Asia; but it has been distributed by commerce throughout the 
world except in the colder regions. In this country it is most abun- 
dant in the central latitudes of the United States; it has been found 
in only a few places in Canada. It measures from 18 to 25 mm. in 
length. It is blackish brown in color. In the male the wings cover 
about two-thirds of the abdomen; while in the female they are small, 
ovate-lanceolate, lateral pads. 


The American cockroach, Periplanéta americana (Fig. 304), is a 
native of tropical or subtropical America that has become distributed 
both in tropical and mild climates over the entire world. This is a 
large species measuring from 25 to 33 mm. in length. 


The common wood-cockroach, Parcobldtta pennsylvdnica, is a 
common species throughout the eastern half of the United States, 
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and its range extends into southern Canada. It is a na- 


Fig. 304.—The American cockroach. (From Howard and Marlatt.) 


tive of our woods but is frequently attracted to lights in our houses. 
The two sexes differ 
so greatly in appear- 
ance that they were 
long believed to be 
distinct species. In 
both sexes the lateral 
margins of the prono- 
tum are light in color 
while the disk is dark. 
In the male the body 
measures from 15 to 
25 mm. in length and Fig. 306.—The com- 
the wings extend be- BUNS, serene 


Fig. 305.—The common roach,female. 


wood-cockroach, male. yond the tip of the ab- (From Blatchley.) 
(From Lugger.) domen (Fig. 305). The 


female is smaller and the wings are much shorter than in the male 
(Fig. 306) 


ORTHOPTEROID INSECTS OF UNCERTAIN KINSHIP 


Under this head is placed a family of insects the zoological po- 
sition of which has not been definitely determined. 
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Famity GRYLLOBLATTIDA 


This family was recently established by Dr. E. M. Walker (’14) 
for the reception of the species described below, which, while showing 
striking affinities to the Orthoptera, differs remarkably from all 
other known members of this order. Some writers who favor the 
breaking up of the order Orthoptera into several orders, regard this 
species as the type of a distinct order of insects, the Notoptera. 

Grylloblatta campodeiférmis.—In this the only species of the family 
known, the body is elongate, slender, depressed, and thysanuriform 
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Fig. 307.—Grylloblatta campodetformis. (After Walker.) 


(Fig. 307). The legs are fitted for running, the tarsi are five-jointed 
and lack pulvilli. The cerci are long, about as long as the hind tibize 
slender, and eight-jointed. The ovipositor is exserted and resembles 
that of the Tettigoniide. The eyes are small and the ocelli are absent. 
The adult male measures 16.5 mm. in length; the female, 30 mm. 

As yet, this species has been found only in the vicinity of Banff 
Alberta, and in Plumas County, California. It is found under stones, 
at high altitudes, and runs like a centipede. 


ORTHOPTERA 


Famity HEMIMERIDA 


Further studies of this family during the 
years since the publication of former editions 
of the Introduction seem clearly to have estab- 
lished the affinity of the Hemimeridae with the 
order Dermaptera. Recent explorations and 
collections from rats of Africa have brought 
to light several new species in the family and 
much additional knowledge concerning their 
habits. We have, therefore, placed the family 
with a brief discussion of it under the Dermap- 
tera, on page 463. In 1925 Professor Comstock 
said concerning this family, ‘‘although these 
are exotic insects, they are mentioned here on 
account of their exceptional manner of devel- 
opment and mode of life.’ The additional 
knowledge concerning them emphasizes this 
observation and justifies retaining a brief 
discussion of the family among its proper 
relatives. 
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CHAPTER IX 
ORDER ZORAPTERA* 


So little is known regarding the insects of this order, only a single 
genus having been found, that it would be premature at this time 
to define definitely the characters of the order. This is well shown 
by the fact that recent discoveries have greatly modified our views 
regarding the ordinal characters of these insects. 

This order was established by Silvestriin 1913. At that time only 
wingless individuals were known; and it was supposed by this author 
that the wingless condition was a distinctive ordinal character; he, 
therefore, proposed the name Zoraptera for the order. But recently 
Caudell (’20) has described winged individuals of each of the two 
species found in this country. The name Zoraptera, however, must 
be retained even though it is inappropriate. 


Famity ZOROTYPIDA 


The single known genus, Zorétypus, is the type of this family and 
until other genera are found the characters of this genus must be 
taken as those of this family and of the order Zoraptera as well. 

At the time this is written, only six species of Zorotypus have been 
described. These have been found in widely separated parts of the 
world, one each in Africa, Ceylon, Java, and Costa Rica, and two in 
Florida. One of the species from Florida has been found also in Texas. 

The known species are all minute, the largest measuring only 2.5 
mm. in length. In our two species both wingless and winged adults 
have been found; and it is probable that these two forms exist in the 
other species. The winged adults that have been observed are all 
females; but it would not be wise to conclude that only this sex is 
winged. Ofthe wingless form both male and female have been found. 
As these are social insects, living in colonies of various sizes, it may 
be that the wingless and the winged adults represent distinct castes, 
analogous to the castes of termites. Another similarity to termites 
is that the winged individuals shed their wings as do the winged 
termites. 

The wingless adults (Figure 309, 4) resemble in general appear- 
ance small worker termites; but they have longer legs and are more 
active. ‘The legs are formed for running; the tarsi are two-jointed 
and each bearstwo claws. The mandibles are strong. The antenne 
are moniliform and nine-jointed. Compound eyes and ocelli are 
wanting. The cerci are short, fleshy, and unsegmented. 

The winged adult female (Fig. 309, 1) has large compound eyes, 
three ocelli, nine-jointed antenne, and two pairs of wings. The vena- 


*Zoraptera: zoros (swpds), pure; apterous (drepos), without wings. 
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tion of the wings is represented in the figure. As the tracheation of 
the wings of nymphs has not been studied, I will not venture to make 
any suggestions regarding the homologies of the wing-veins. 


“a 
a 


Fig. 309.—Zorotypus hubbardi: 1, winged adult female; 2, adult female that had 
shed her wings; 3, nymph of winged form; 4, wingless adult female. 5, An- 
tenna of adult wingless Zorotypus snyderit, (From Caudell,in Proc. Ent. Soc. 
Wash., Vol. 22.) 
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Figure 309, 2, represents an adult female that had shed her wings; 
and Figure 309, 3, a nymph with well-developed wing-pads. 

The two known American species are Zorotypus hubbardi and 
Zorotypus snyder. Detailed descriptions of each of the forms of 
each of these species are given by Caudell (’20), and the external 
anatomy of Zorotypus hubbardi is described by Crampton (’20 a), 
who also discusses the relationships of the order Zoraptera to the 
other orders of insects. 

The colonies of Zorotypus are found under the bark of logs and 
stumps and frequently near the galleries of termites. For this 
reason they were formerly believed to live as inquilines in the nests of 
termites; but recent observations do not support this view. 


CHAPTER X 


ORDER ISOPTERA* 


The Termites or White-Ants 


The members of this order are social insects, living in colonies like 
ants. Each species consists of several distinct castes, the number of 
which differs in different species. Each caste includes both male and 
female individuals. In most species there are four castes as follows: 
first, the first reproductive caste, in which the wings become fully de- 
veloped and are used for a swarming flight and then shed; second, the 
second reproductive caste, in which the wing-buds remain short; the 
members of this caste are neoteinic, becoming sexually mature while 
retaining the nymphal form of the body; third, the worker caste; and 
fourth, the soldier caste. Except in a single Australian genus, the two 
pairs of wings are similar in form and in the more general features of 
their venation; they are long and narrow, and are laid flat on the back 
when not in use. The abdomen ts broadly joined to the thorax; the 
mouth-parts are formed for chewing; the metamorphosts ts gradual. 

Thetermites or white-ants are chiefly tropical insects; but some 
species live in the temperate zones. These insects can be easily 
recognized by the fact that they live in ant-like colonies, by the pale 
color of the greater number of individuals of which a colony is com- 
posed, and by the form of the abdomen, which is broadly joined to 
the thorax instead of being pedunculate as in ants. 

The termites are commonly called white-ants on account of their 
color and of a resemblance in form and habits to the true ants. 
These resemblances, however, are only very general. In structure 
the termites and ants are widely separated. In habits there is little 
more in common than that both are social, and the fact that in each 
the function of reproduction is restricted to a few individuals, while 
the greater number differ in form from the sexually perfect males and 
females, andare especially adapted to the performance of the labors 
and defense of the colony. 

The cuticula of termites is delicate even in adults; the mature 
winged forms can withstand exposure to dry air for a limited period, 
as is necessary during their swarming flight; but other members of 
a colony quickly become shriveled and die if exposed. It is for this 
reason that they build tubes constructed of earth and excrement for 
passage-ways, and only rarely appear in the open, and then merely 
for a brief period. ; ; 

The mouth-parts, which are fitted for chewing, are quite general- 
ized, resembling somewhat those of the Orthoptera; but in the case 
of the soldier caste the mandibles are very large and vary greatly in 
form in the different species. 


*Iséptera: isos (tos), equal; pleron (mrepév), a wing. 
(273) 
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The antenne are moniliform; in the winged adults the number 
of segments varies in different species from twelve to twenty-five or 
more. In newly hatched nymphs the number of antennal segments 
is less than in the later instars. 


Themembers of the winged sexual caste have pigmented compound 
eyes anda pair of ocelli. It is commonly stated that both the workers 
and soldiers of termites are blind; but in some species the soldiers 
have compound eyes; these, however, are not pigmented. There is 
an African species, the marching termite, in which both workers and 
soldiers possess eyes (Fuller ’12). 

The median ocellus is wanting in termites; but in many forms 
there is in its place a more or Jess distinct opening of a gland, the 
frontal gland, whose secretion is used for defense; this opening of 
the frontal gland is termed the fontanél or fontanelle or fenéstra. 


Fig. 310.—Wings of Termopsis angusticollis. 


The wings are long and narrow, and, when folded on the back of 
the insect, extend far beyond the end of the abdomen. In the Aus- 
tralian genus Mastotermes, the anal area of the hind wings is broadly 
expanded; in other termites the fore and hind wings are similar in 
form (Fig. 310). In each case, the veins of the anterior part of the 
wing are greatly thickened and those of the middle portion reduced 
to indistinct bands or to narrow lines. Regular cross-veins are lack- 
ing, the membrane of the wings being strengthened by an irregular 
network of slightly chitinized wrinkles. The wings are deciduous, 
being shed after the swarming flight. The shedding of the wings is 
facilitated by the presence in each wing, except in the hind wings of 
certain genera, of a curved transverse suture, the humeral suture. 
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The homologies of the wing-veins are discussed by the writer in his 
“The Wings of Insects,’ Chapter VIII. 

The abdomen consists of ten visible segments and bears a pair of 
two- to six-jointed cerci. The genitalia are vestigial and are 
concealed by a backward prolongation of the sternum of the seventh 
abdominal segment. 


If a colony of termites be examined, many kinds of individuals will 
be found. This multiplicity of forms is due partly to the fact that 
these insects undergo a gradual metamorphosis, and nymphs of various 
sizes and degrees of development will be found running about among 
the mature individuals. But even if only adults be considered, it 
will be found that each species consists of several distinct castes. 


With the termites the number of castes is greater than with the 
social bees, social wasps, and ants; and each caste includes both male 
and female individuals. The termites differ also from other social 
insects in that there are at least two and sometimes three castes 
whose function is reproduction. The following castes have been 
found among these insects. 


The first reproductive caste—At a certain season of the year, late 
Spring or early summer for our most common species in the eastern 
United States, there can be found in the nests individuals with fully 
developed wings. These are sexually perfect males and females and 
constitute what is known as the first reproductive caste. In these the 
cuticula is black or dark chestnut in color, the eyes are functional, 
and the wings project more than half their length beyond the end 
of the body. A little later, these winged individuals leave the nest 
in a body; sometimes clouds of them appear. After flying a greater 
or less distance they alight on the ground, and then shed their wings. 

At this time the males seek the females and they become associated 
in pairs; but the fertilization of the females does not take place till 
later. It seems probable that in some cases swarms issue from 
different nests at the same time, as we know to be the case with the 
true ants, and that in this way males and females from different nests 
may pair, and thus the danger of inbreeding be lessened; but 
Holmgren and others doubt’ that this occurs. The greater number 
of individuals comprising one of these swarms soon perish; they fall 
victims to birds and other insectivorous animals. 

Each of the more fortunate couples that have escaped their 
enemies, find a suitable place for the beginning of a nest and become 
the founders of a new colony. Such a pair are commonly known as 
the king and the queen of the colony; they are also known as the 
primary royal pair to distinguish them from the second reproductive 
caste. The primary royal pair can be recognized by the presence on 
the thorax of the stumps of the wings that they have shed. 

After the nest has been begun, the abdomen of the female becomes 
greatly enlarged, as a result of the growth of the reproductive 

_organs and their products; this is greater im certain exotic species 
than it is in those found in this country. Figure 311 represents 
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in natural size the queen of a species found in India. The dark spots 
along the middle of the dorsal wall of the abdomen 
are the chitinized parts of that region; the lighter 
portions are made up of the very much stretched 
membrane uniting the segments. This queen is a 
comparatively small one; in some species the queens 
become from 150 to 200 mm. in length; of course 
such a queen is incapable of locomotion, but lives 
with its mate inclosed in a royal chamber; their food 
is brought to them and the eggs are carried away by 
workers. In our native species the queens do not 
become so greatly enlarged and do not lose the power 
of movement. 

A remarkable peculiarity in the habits of termites 
is that the association of the male and the female is 
a permanent one; the king and the queen live together 
in the nest, and there is repeated coition. 

The second reproductive caste.——There are fre- 
quently found in the nests of termites neoteinic 
sexual forms; that is, individuals which are sexually 
mature but which retain the nymphal form of the 

Fig. 311.— body, having short wing-buds which do not develop 
Queen ter- further. These individuals constitute the second 
os Ter- reproductive caste, which is represented by both males 
Gnas and females. The members of this caste are pale in 

color; their compound eyes are only slightly pig- 

mented; and they never leave the nest unless by subterranean tun- 
nels. Ifa primary king or queen dies, its place is taken by individuals 
of the second reproductive caste. For this reason, the members of 
this caste are commonly known as substitute kings and queens or as 
complemental kings and queens. The substitute 
queens produce comparatively few eggs, and conse- 
quently it requires several of them to replace a pri- 
mary queen. Many pairs of substitute kings and 
queens are commonly found in orphaned nests. 

The third reproductive caste.—In some cases there 
have been found adult neoteinic sexual forms which 
resemble workers in lacking wing-buds. These are 
known as ergatoid kings and queens. 


The workers.—If a termite nest be opened at any 
season of the year there will be found a large number 
of wingless individuals of a dirty white color, usually 
‘blind, and of the form represented by Figure 312. 
These are named the workers, for upon them devolve 
nearly all of the labors of the colony. A study of the internal anatomy 
ot workers has shown that both sexes are represented in this caste; 
the reproductive organs are, however, only little developed as a rule; 
but occasionally workers capable of laying eggs are found. The 
worker caste is not always present; it is absent in the genera Kalo- 


Fig. 312.—A 
worker, 
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termes and Cryptotermes, where the nymphs of the reproductive forms 
apparently attend to the duties of workers; and in the genera 
Termopsts and Neotermes ordinary sterile workers are not found, but 
the third reproductive caste, large, worker-like, grayish brown, fertile 
forms, with no wing-buds, is present., The nymphs of this caste often 
perform the duties of the workers (Banks and Snyder ’20). In some 
tropical species there are two types of workers, which 
differ in size. ' 

The. soldiers —Associated with the workers, and 
resembling them in color and in being wingless, there 
occur numerous representatives of another caste, 
which can be recognized by the enormous size of their 
heads and mandibles (Fig. 313); these are the sol- 
diers. They are so named because it is believed that 
their chief function is the protection of the colony; 
but they do not seem to be very effective in this. 
Among the soldiers, as among the workers, both sexes 
arerepresented; but asarule the reproductive organs 
are not functional. Sometimes, however, soldiers 
capable of laying eggs are found. In the genus Fig. 313.—A sol- 
Kalotermes soldiers with small wing-buds are often ier 
found. The soldier caste has not been found in the genus Anoplotermes, 
and in the genera Constrictotermes and Nasutitermes the soldier caste 
is wanting unless the nasuti, described in the next paragraph, are 
regarded as soldiers. In certain tropical species there 
are two types of soldiers which differ in size. 

The nasuti.—In certain species of termites there 
are found individuals in which the head is elongated 
into a nose-like process, from the tip of which a fluid 
exudes, which is used as a means of defense and also, 
it is said, as a cement in constructing the nest and 
the earth-like tubes through which the insects travel 
(Fig. 314). Such individuals are known as nasutt. 
In this caste the mandibles are small, differing greatly 
from those of soldiers. The nasuti are usually smaller 
than the workers and are pigmented. They have 
been commonly described as a special type of soldiers; 
Fig. 314.—A nas- but it seems better, in order to avoid confusion, to 

utus. (After regard them as constituting a distinct caste. Among 

Sharp.) the North American termites, nasuti are found in 

the genera Constrictotermes and Nasutitermes, which 

lack the true soldier caste. In some tropical termites two types of 
nasuti, large and small, have been found. 

As to the origin of the different castes of termites there has been 
much discussion and two radically different views are held. The 
first view was probably suggested by the well-known fact that, in the 
case of the honey-bee, queens can be developed from eggs or young 
larvee that ordinarily would produce workers. According to this view 
the newly hatched termites are not differentiated into castes; but 
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this differentiation takes place later as the result of extrinsic factors, 
such as food, the presence or absence of parasitic protozoa in the 
alimentary tract, and the care received from the older workers. 
According to the second view the young of the different castes are 
different and the castes are therefore ‘‘predetermined in the egg or 
embryo by intrinsic factors.” 

Some comparatively recent investigations support the second view. 
It was found by Thompson (’17 and ’19) that although thenewly 
hatched nymphs are externally all alike, they are differentiated by 
internal structural characters into two clearly defined types: first, 
the reproductive or fertile forms, with large brain and large sex organs, 
and usually a dense opaque body; and second, the worker-soldier or 
sterile forms, with small brain and small sex organs, and usually a 
clear transparent body. 

It was also found by Thompson that later, when the nymphs had 
become from 2 mm. to 3 mm. in length, they were differentiated into 
“small-headed” but large-brained reproductive forms, and “‘large- 
headed” but small-brained worker-soldier forms. In the case of 
worker-soldier nymphs of Eutermes pilifrous, a Jamaican species, which 
were 2 mm. long and externally all alike, they were distinguishable, 
after staining, into worker nymphs with a small vestigial frontal 
gland, and soldier nymphs with a large frontal gland. 

In a study of Reticulitermes (Leucotermes) flavipes, Thompson (’17) 
found that the nymphs of the reproductive forms that are only 1.3 
to 1.4 mm. in length are differentiated into two groups by differences 
in the size of the brain and sex organs. These are early instars of 
the first reproductive caste and the second reproductive caste, respec- 
tively. The early instars of the third reproductive caste have not 
been distinguished from the nymphs of workers. 


There is space here for but little regarding the nest-building habits 
of these wonderful insects. In the tropics certain species build nests 
of great size. Some of these are mounds ten or twelve feet or more 
in height. Other species build large globular masses upon the trunks 
or branches of trees or upon other objects. Figure 315 represents 
such a nest which I observed on a fence in Cuba. Owing to the 
delicacy of their cuticula and the consequent danger of becoming 
shriveled if exposed, the termites build covered ways from their 
nests to such places as they wish to visit, if they are in exposed 
situations like that shown in the figure. These exposed nests are 
composed chiefly of the excreted undigested wood upon which the 
insects have fed. This is molded into the desired form and on drying 
it becomes solid. 


The termites that live in the United States do not build exposed 
nests; and, as the queens do not lose the power of movement, there 
is no permanent royal cell, centrally located, in which the king and 
queen are imprisoned, as is the case with many tropical species. 
Some of our species mine in the earth, their nests being made under 
stones or other objects lying on the ground; some burrow only in 
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wood; and others that burrow in the ground extend their nests into 
wood. To the last category 
belong the species of the genus 
Reticulitermes, which includes 
all of the termites found north 
of Georgia and east of Nevada. 
These often infest the founda- 
tion timbers of buildings, floor- 
ing in basements, and other 
woodwork of buildings and 
furniture. These pests will 
feed upon almost any organic 
matter; books are sometimes 
completely ruined by them. 
In infesting anything com- 
posed of wood, they eat out 
the interior, leaving a thin film 
on the outside. Thus a table 
may appear to be sound, but 
crumble to pieces beneath a 
slight weight, entrance having 
been made through the floor of 
the house and the legs of the 
table. 

While termites infest 
chiefly dead wood, there are 
many records of their infesting 
living plants. I found them 
common throughout Florida, 
infesting orange-trees, guava- Fig. 315.—Nest of a Cuban termite. 
bushes, pampas-grass, and su- 
gar-cane. When termites in- 
fest living plants, they attack that part which is at or just below the 
surface of the ground. In the case of pampas-grass the base of the 
stalk is hollowed; with woody plants, :as orange-trees and guava 
bushes, the bark at the base of the tree is eaten and frequently the 
tree is completely girdled; with sugar-cane the most serious injury 
is the destruction of the seed-cane. 

Certain African termites have been found to cultivate fungus- 
gardens in their nests, similar to those of the well-known leaf-cutting 
ants. 

The care of the young and of the queens by the workers in colonies 
of social insects has attracted the attention and admiration of observ- 
ers in all times. This care has been quite generally attributed to 
something resembling the parental feelings of our own species. But 
the observations of several naturalists in recent years have shown 
that with the social insects the devotion of the workers to the brood 
and to the queen is far from being purely altruistic; that it is largely 
or entirely due to a desire to feed upon certain exudates produced by 
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the individuals that are fed; the feeding of the young and the queens 
being accompanied by a licking of their bodies by the nurses. 

Among the more important papers on this subject are one on 
termites by Holmgren (’o9) and one on ants by Wheeler (18). 
Holmgren shows that all of the castes of termites, but especially the 
queens, have extensive exudate tissues, consisting of the peripheral 
layers of the abdominal fat-body, the products of which pass through 
pores in the cuticula, where they are licked up by other members 71 
the colony; and that the intensity of the licking and feeding of tue 
individuals of a termite colony is directly proportional to the amount 
of their exudate tissue. Wheeler in his paper on ants shows that the 
larvee of certain species of ants possess remarkable exudate organs, 
and proposes for this exchange of nourishment the term trophallaxis.* 

It is believed by the writers quoted above and by others that this 
exchange of nourishment between those individuals that feed and 
those that are fed was the source of the colonial habit in social insects. 
Roubaud (’16) in a paper on the wasps of Africa points out the 
probable steps by which the social habit was developed in wasps. 
Beginning with certain solitary eumenids that feed their larve from 
day to day and while doing this feed upon saliva exuded by the larve, 
he suggests that there naturally follows a tendency to increase the 
number of larve to be reared simultaneously in order at the same 
time to satisfy the urgency of oviposition and to profit by the greater 
abundance of the secretion of the larve. 

Now that this explanation of the origin of the social habit has 
been suggested, it, doubtless, will be much discussed. The student is 
urged, therefore, to consult the current literature for opinions regard- 
ing it. 

The most extended account of the termites of this country is the 
recently published paper by Nathan Banks and Thomas E. Snyder 
(20). In the first part of this paper, Mr. Banks gives a revision of 
the nearctic termites, in which all of our known species are described, 
seventeen of them for the first time. This brings the total number 
of our known species up to thirty-six, representing ten genera. g 

In the second part of this paper, Mr. Snyder brings together the 
known data regarding the habits and distribution of the termites of 
the United States; much of which data is based on his personal 
observations. 

Many species of insects live in the nests of termites. The relations 
of the termitophiles, of which several hundred species have been 
described, to their hosts vary greatly; some are predatory, some are 
parasites, and others are guests. Among the guests some are indiffer- 
ently tolerated, while others are true guests which produce exudates 
that are eagerly devoured by their hosts and in return either receive 
regurgitated food or manage to prey on the defenseless brood. 
Among the termitophiles are some that are very remarkable in form, 


having the abdomen excessively enlarged and being furnished with 
large exudate organs. 


*Trophallaxis: trophe (tpoph), nourishment; allattein (ad\Adrrew), to exchange. 


CHAPTER XI 
OrpER NEUROPTERA* 


The Horned Corydalus, the Lacewing-Flies, the Ant-Lions, 
and others 


The members of this order have four wings; these are membranous 
and are usually furnished with many veins and cross-veins. In most 
members of the order, the wings have been specialized by the addition in 
the preanal area of many supernumerary veins of the accessory type. 
The mouth-parts are formed for chewing. The tarsi are five-jointed. 
The cerct are absent. The metamorphosts ts complete. 

The order Neuroptera as now restricted differs greatly in extent 
from the Neuroptera of the early entomologists. Formerly there were 
included in this order many insects that are no longer believed to be 
closely related. This has resulted in the establishment of several dis- 
tinct orders for the insects that have been removed from the old 
order Neuroptera. This fact should be kept in mind when consulting 
the older text-books. 

The wings of the Neuroptera are membranous and usually fur- 
nished with many wing-veins. The two pairs of wings are similar 
in texture and usually in outline; in some the fore wings are slightly 
larger than the hind wings, in others the two pairs of wings are of the 
same size. The anal area is small in both fore and hind wings; it is 
rarely folded (Sialidz), and then only slightly so. <A distinct anal 
furrow is rarely developed. Definitive accessory veins are usually 
present, and, as a rule, there are many marginal accessory veins. 
Intercalary veins are never developed. When at rest, with few ex- 
ceptions, the wings are folded roof-like over the abdomen. Jn some 
cases organs for uniting the fore and hind wings are present. 

Correlated with the extensive development of accessory veins in 
the Neuroptera, there has resulted in nearly all of the families of this 
order the production of a pectinately branched radial sector; that is, 
this vein is so modified that it consists of a supporting stem upon 
which are borne a greater or less number of parallel branches. This 
is shown in most of the figures of wings illustrating this chapter, 
and is a distinctive characteristic of this order; in no one of the 
other orders of living insects in which accessory veins occur isa well- 
developed pectinately branched radial sector found. Such a radial 
sector existed, however, in many of the Paleozoic insects. In certain 
genera of the Neuroptera a dichotomously branched radial sector has 


been retained. . 
In many Neuroptera one or more series of cross-veins extend 
across the wing and form with sections of the longitudinal veins that 


*Neurdptera: neuron (vetpov), a nerve; pteron (wrepéy), a wing. 
(281) 
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they connect a very regular zigzag line; such cross-veins are termed 
gradate veins. Examples of series of gradate veins are well shown in 
the wings of the Hemerobiide and in those of the allied families. 

The mouth-parts are formed for chewing. In several families the 
larvee’ suck the blood of their prey by 
means of their peculiarly modified man- 
dibles and maxilla. These are very long 
and those of each side form an organ for 
piercing and sucking. The mouth-parts 
of the larva of an ant-lion will serve to 
illustrate this type of mouth-parts (Fig. 
316). 

In this insect the mandibles (md) are 
very long, curved at the distal end, fitted 
for grasping and piercing the body of the 
prey, and armed with strong spines 
and sete. On the ventral aspect of each 
mandible there is a furrow extending the 
entire length of the mandible; and over 
this furrow the long and slender maxilla 
(mx) fits. On the dorsal aspect of the 
maxilla there is also a furrow. These two 
furrows form a tube which extends from 
the tip of the combined mandible and 
maxilla to the base of this organ where it 
communicates with the mouth cavity. 

Through this tube the blood of the prey 
Fig. 316.—Head and mouth- ig conveyed to the mouth. On the middle 
ees of a larva of anant- — Jine of the body, between the mentum (m) 
ion, ventral aspect: c, car- : 
do of the maxilla;e,eye;2, and the front margin of the dorsal wall of 
front margin of the dorsal the head (J), there is a tightly closed slit 
yall of the head, labrum which is the mouth; this, however, is not 
Ce rere Ks functional, the food being received into 
bial palpus; s, stipes of the lateral expansions of the mouth-cavity at 
maxilla. the base of the mandibles and maxille. 
For a more detailed account of the struc- 

ture of the mouth-parts of an ant-lion, see Lozinski (’o8). 

The metamorphosis is complete. The larve that are known are 
predacious or parasitic and in most cases are campodeiform; a few 
of them are aquatic, Sialidz, Sisyride, and certain exotic forms, but 
most of them are terrestrial; some when full-grown enter the ground 
and make earthen cells in which they transform, but most of them 
spin cocoons. The silk of which these cocoons are made, in the case 
of those in which the silk-organs have been described, is secreted by 
modified Malpighian vessels and is spun from the anus. 

__ The silk-organs of Szsyra will serve as an example of neuropterous 
silk-organs; these were described by Miss Anthony (’o2). Figure 317 
is a diagram of a sagittal section of a larva through the median plane. 
In this larva the posterior fourth of the mid-intestine is merely a 
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solid cord of atrophied cells; the passage from the mid-intestine to 
the hind-intestine is thus closed. The atrophied part of the mid- 
intestine ends in the walls of a dilation, the silk-receptacle (sr). 
Into this receptacle empty the five Malpighian tubes, three of which 
are attached by both ends and two of which extend posteriorly and 
end free in the body cavity; all are modified in their middle portions 
for the secretion of silk; here the cells are much larger and more 
irregular in shape than the ordinary Malpighian tubule cells, and 
show singular, branched nuclei like those characteristic of silk-gland- 


Fig. 317.—Sagittal section of a larva of Sisyra: a, b-b’, c-c’, three silk-glands 
attached at both ends; d, e, two silk-glands attached at one end; s7, silk- 
receptacle; sp, spinneret; f, fat-bodies; br, brain; g, subcesophageal ganglion; 
r, band of regenerative cells of the stomach; p, point of junction of sucking 
tubes; s, sucking pharynx; m, muscle attachment of pharynx; 0, cesophagus. 
(From Anthony.) 

cells of caterpillars and other insects. That part of the hind-intestine 

extending back from the silk-receptacle is a slender tube for the 

greater part of its length; but in the last three abdominal segments 
it is enlarged, forming a reservoir for accumulated silk (sp), which 
is spun from the anus when needed for making the cocoon. 

The pupez of Neuroptera are exarate, that is, their legs and wings 
are free. In some cases (Chrysopa, Hemerobius, and Mantispa) the 
pupa crawls about for a time after leaving its cocoon and before 
changing to the adult. ~ 

The known Neuroptera of the world represent twenty families; 
the wings of one or more members of each of these families have been 
figured by the writer in his ‘“The Wings of Insects.” Thirteen of 
these families are represented in North America; these can be sepa- 
rated by the following table. 


TABLE OF THE FAMILIES OF NORTH AMERICAN NEUROPTERA 


A. Prothorax as long as or longer than the mesothorax and metathorax com- 
bined. 
B. Fore legs greatly enlarged and fitted for grasping. p. 289. MANTISPID& 
BB. Fore legs not enlarged and not fitted for grasping. p. 289. RAPHIDIIDA 
AA. Prothorax not as long as the mesothorax and metathorax combined. 
B. Hind wings broad at base and with the anal area folded like a fan when 
salaYRalaLeeoy 195 eV Mieteoe: Os Sei. 6 Cop aoTig Jom Oe weet tore SIALIDA 
BB.Hind wings narrow at base and not folded like a fan when closed. 
C. Wings with very few veins and covered with whitish powder. p. 307. 
PE Ae ae euaeent atee ee anata rsr a aiho im odene eres ieee CoNIOPTERYGIDAE 
CC. Wings with numerous veins and not covered with powder. 
D. Antenne gradually enlarged towards the end or filiform with a 
terminal! knob. 
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E. Antenne short; wings with an elongate cell behind the point 


of fusion of veins Sc and Ry. p. 303.....- MyYRMELEONID 
EE. Antenne long; wings without an elongate cell behind the 
point of fusion of veins Sc and Ry. p. 305....- ASCALAPHIDA 


DD. Antennz not enlarged towards the end. ; 

Male with pectinate antenne; female with an exserted 

OnipnNoMiKeim Pe AY/sncsosenser beacdsuledasdes DILARID& 

EE. Antenne not pectinate in either sex; female without ex- 

serted ovipositor. 
F. Radius of the fore wings with apparently two or more 
sectors. 

G. Radius of the fore wings with apparently two sectors, 

one of whichis vein R2+; and the other vein R, +s. 

FO PAO orca tarnonciuciyo a OO OTS OL.) 8 OE SYMPHEROBIID 

GG. Radius of the fore wings with three or more sectors. 

Veins R, and R; arise separately from vein Ry; 

one or more definitive accessory branches of the 

~ radius of the fore wings present. p. 294......-- 

BA oe eg or nS mainte La ore HEMEROBIIDE 

FF. Radius of the fore wings with a single sector. 

Radial sector of the fore wings without definitive 

accessory veins although marginal accessory 

WSS) AAS KENT Ms 75 AON s cose ne ocd SISYRID 

GG. Radial sector of fore wings with definitive ac- 
cessory veins. 

H. Transverse veins between the costa and sub- 

Costa simplen pa 209.4 6 eae CHRYSOPID 

HH. Many of the transverse veins between the 

costa and subcosta forked. 

I. Humeral cross-vein recurved and branch- 

ed; first radio-medial cross-vein of the 

hind wings longitudinal and sigmoid. 


radio-medial cross-vein of the hind wings 
transverse. p, 298,,,.,....-BEROTHIDE 


Famity SIALIDA* 


The Sialids 


The members of the Sialide differ greatly in size and appearance; 
but they agree in having the hind wings broad at the base with the 
anal area folded like a fan when not in use. In this respect they 
differ from all other Neuroptera. 


The type of the wing-venation of the sialids differs greatly in the 
two subfamilies into which the family is divided, as described below. 


The larve are aquatic, predacious, campodeiform, and possess 
paired, lateral filaments on most or on all of the abdominal segments. 
They leave the water when full-grown and transform in earthen cells 
on the banks of the streams or lakes in which they lived as larve. 
The eggs are deposited in clusters on any convenient support near 
the water, in such situations that the young larve can easily find 


*This family is separated from the Neuroptera by Handlirsch (’06~’08) as a 
distinct order, the Megaloptera. H.W. Van der Weele (10) also eee pss it 


from the Neuroptera, but he associates with it the family Raphidiide in his order 
Megaloptera. 
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access to the water. The adults fly but little; they are most often 
found resting on some support near the water, with the wings folded 
over the abdomen. 

The Sialidze of the world have been monographed by H. W. 
Van der Weele (’10). 

The family Sialidee is divided into two subfamilies; these can be 
separated as follows: 


A.  Ocelli wanting; fourth tarsal segment prominently bilobed; radial sector 
not pectinately branched. Insects rather small, having an expanse of 
AUR: DSO AL nanedyaeymetaip ame ete Slits bible doe Soko ese oie STALIN 

AA. With three ocelli; fourth tarsal segment simple, not bilobed; radial sector 
pectinately branched. Insects large or moderately large. p. 286...... 
0d .0 SiO UCI ecto: OF AC SOO Re Tn PSOne Be Bee ae CORYDALINZ 


SuBFAMILY SIALINZ 


The Alder-Flies 


The alder-flies are so-called because the adults are commonly 
found on alders on the banks of streams; this name was given to 
them by English anglers. 

The subfamily Sialinze includes only two genera, both of which 
are represented in this country, each by a single species. These 
genera are distinguished as follows: 

A.  Costal area of the fore wings greatly expanded before the middle Gest) 
ee cee US lal ews cis de, soee spare tet @eheilalalel «jeter atet¥eltal.c1cVapetanel ss IALIS 


AA. Costal area of the fore wings slightly expanded before the middle........ 
PROTOSIALIS 


od A 1st A Cua 


~—"Fig. 318.—Wings of Sialis infumata. 
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The smoky alder-fly, Sialis infumata.—This is a small insect hav- 
ing a wing-expanse of about 25 mm.; the males are sometimes smaller 
than this, and the females slightly larger. It is dusky brownish in 
color. It can be easily recognized by the form and venation of its 
wings (Fig. 318). 

The costal area of the fore wings is greatly expanded before the 
middle, and most of the wing-veins are stout. A striking feature of 
these wings, one that is characteristic of the subfamily Sialine, is 
that the radial sector is nearly typical in form; the only modification 
being the development of one or more marginal accessory veins upon 
it. These accessory veins, however, are in a quite different position 
from that occupied by the accessory veins borne by theradial sector 
in the Corydaline, where a pectinately branched 
radial sector has been developed. 

The larva (Fig. 319) is furnished with the paired 
lateral filaments characteristic of the larvee of the 
Sialidze on the first seven abdominalsegments. These 
filaments are more or less distinctly five-segmented. 
The last abdominal segment is prolonged into a taper- 
ing lash-like filament. 

The larve are found in swiftly flowing streams 
adhering to the lower side of stones in the bed of the 
streams and in trashy places filled with aquatic plants 
in the borders of streams and ponds; they are very 
active. The larve transform in earthen cells at some 
little distance from the water. Two or three weeks 
after the making of the pupal cell the adult fly 
emerges. 

The eggs are laid in patches, each consisting 
of a single layer of eggs. The females frequently 
add their eggs to patches of eggs that have been laid 
Fig. 319.—Larva by other females. The eggs when first laid are 


of Stalis infu- lighter in color than later. 
mata. (After 


Needham ) Several specific names have been given to what 
are now believed to be merely varieties of this 
species. 


_ Protosialis americana.—In this species the costal area of the fore 
wings is only slightly expanded before the middle; and the wing- 


veins are not as stout as in Sialis. The early stages have not been 
described. 


SUBFAMILY CORYDALIN 
Corydalus and the Fish-Flies 


The subfamily Corydaline is represented in this country by the 
well-known horned corydalus and several smaller species, commonly 
known as the fish-flies. In these insects there are three ocelli; the 
fourth tarsal segment is not bilobed; and the radial sector is pec- 
tinately branched (Fig. 320). The larve are distinguished by the 
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presence of a pair of anal prolegs, each of which bears a pair of hooks. 
Six species are found in the United States and Canada; these repre- 
sent four genera, which can be separated as follows. 


A. — Latero-caudal angles of the head with a sharp tooth. Large insects. p. 287 
4c, RID ASCE PON Rs eh ee, A ee ME aE Re ae CoRYDALUS 
AA. Latero-caudal angles of the head unarmed. Insects moderately large; the 
fish-flies. 
B. Wings somewhat ashy in color with more or less dusky markings. 
C. Veins of fore wings marked with dark and light, uniformly alternate. 


(Oe OS. 5 Pa cee eC en ee ane, Se Ae CHAULIODES 

CC. Veins of fore wings uniform in color except where dusky markings 
CROSSHUMCUARD G2 OGRE ols on em teas da ei ee oe NEOHERMES 

BB. Wings black or brown with white markings. p. 288........ NIGRONIA 


Corydalus——The only member of this genus in our fauna is 
Corydalus cornutus. This is a magnificent insect, which has a wing- 
expanse of from 100 to 130 mm. Figure 321 represents the male, 


Cur 


SS 
3LZA 244A Cuz, Cura 
Fig. 320.—Fore wing of a pupa of Corydalus. 


which has remarkably long mandibles. The female resembles the 
male, except that the mandibles are comparatively short. 

The larve are called dobsons or hellgrammites by anglers and 
are used by them for bait, especially for bass. Figure 322 represents 
a full-grown dobson, natural size. These larve live under stones in 
the beds of streams. They are most abundant where the water flows 
swiftest. They feed upon the naiads of stone-flies and May-flies and 
on other insects. 

The larve of Corydalus differ from those of the following genera 
in the possession of a tuft of hair-like tracheal gills at the base of 
each of the lateral appendages on the first seven abdominal segments. 

When about two years and eleven months old, the larva leaves 
the water and makes a cell under a stone or some other object on 
or near the bank of the stream. This occurs during the early part 
of the summer; here the larva changes toa pupa. In about a month 
after the larva leaves the water, the adult insectappears. Theeggs 
are then soon laid; these are attached to stones or other objects 
overhanging the water. They are laid in blotch-like masses, which 
are chalky white in color and measure from 12 mm. to nearly 25 mm. 
in diameter. A single mass contains from two thousand to three 
thousand eggs. When the larve hatch they at once find their way 
into the water, where they remain until full-grown. 
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Chauliodes—See the table on page 287 for the discinguishing 
characteristics of this genus. There are two species in our fauna, 
these are distinguished as follows: 

Chauliodes rastricérnis—In this species the antenne are serrate; 
the embossed markings on the head and prothorax are black ona 
paler ground; and the prothorax is longer than wide. 


h 
Fig. 322.—Larva of 
Corydalus. 


Fig. 321.—Corydalus cornutus, male. 


Chauliodes pectinicérnis.—In this species the antenne are serrate; 
the embossed markings on the head and prothorax are yellow ona 
black ground; and the prothorax is not longer than wide. 

Neohérmes.—This genus is represented by Neohermes californicus. 
In addition to the characters given in the table of genera above, this 
species is distinguished by the great length of its antenne, which are 
about two-thirds as long as the fore wings. 

Nigronia.—In this genus the wings are black or brown with white 
markings. Two species only are known; these can be distinguished 
by the form of the white markings on the wings. 

Nigréma fasciatus.—In this species there is a continuous, broad, 
somewhat arcuate, white band extending across the middle of each 
wing and almost attaining the hind margin. 

Nigronia serricérnis—In this species there is an irregular band of 
white spots, generally broadest in front, extending across the middle 
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of each front wing. On the hind wings, the white band is represented” 
by only a few minute dots or is entirely wanting. 


Famity RAPHIDIIDA* 


The Snake-Flies 


The members of the Raphidiide are found in this country only 
in the Far West. They are strange-appearing insects, the prothorax 
being greatly elongate, like the neck of a camel 
(Fig. 323). The female bears a long, slender, : 
sickle-shaped ovipositor at the end of the ab- Oe 
domen. The fore legs resemble the other pairs = 
of legs, and are borne at the hind end of the pro- Fig. 323.—Raphidia, 
thorax. The wings are long and narrow and fur-  fe™ale. 
nished with a pterostigma. 

The wing-venation of a representative of each of the two genera 
belonging to this family is figured by the 
writer in his ‘“The Wings of Insects.” 

The larve are found under bark and 
are carnivorous. They are common in Cali- 
fornia under the loose bark of the eucalyp- 
tus. They also occur in orchards, and 
doubtless do good by destroying the larve 
and pup of the codlin-moth. The pupz 
are not enclosed in silken cocoons but lie 
concealed in sheltered places. Figure 324 
represents a larva and a pupa of Kaphidia 
as figured by Professor Kellogg. 

This family includes only two genera, 
Raphidia and Inocéllia. In the former there 
are three ocelli on the top of the head be- 
Fig. 324.—Larva and pupa tween the compound eyes; in the latter these 

of Raphidia, (From Kel- ocelli are wanting. Six species of Raphidia 
logg.) and three of /nocellia are found in America 
north of Mexico. 


Famity MANTISPID® 
The Mantis-like Neuroptera 


The members of the Mantispide are even more strange in appear- 
ance than are those of the preceding family. Here, as in that family, 


*This family is separated from the Neuroptera by Handlirsch (’06—'08 ) and 
taade to constitute a separate order, the Raphidioidea. 
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the prothorax is greatly elongated; but the members of this family can 
be easily recognized by their re- 
markable fore legs, which are great- 
ly enlarged and resemble those of 
the praying mantes in form (Fig. 
325). These legs are fitted for seiz- 
ing prey; and, in order that they 
may reach farther forward, they are 
joined to the front end of the long 
prothorax. In the adult stage, 
these insects are predacious; while 
the larve, so far as is known, are 
ig. 325.—Mantispa. Inthe speci- parasitic. 
eis eta te legs rere Brauer (’69) described the trans- 
twisted somewhat in order to formations of Mantispa styrtiaca, a 
Sa NONE OTN: European species. This insect 
undergoes a hypermetamorphosis. 
It was accidentally discovered that the larve were parasitic in the 
egg-sacs of spiders of the genus Lycosa. These are the large black 


Fig. 326.—Hypermetamorphosis of Mantispa. (From Henneguy, after Brauer.) 


spiders which are common under stones, and which carry their egg-sacs 
with them. Brauer obtained eggs from a female Mantispa kept in 
confinement. These eggs were rose-red in color, and fastened upon 
stalks, like the eggs of Chrysopa. The eggs were laid in July; and 
the larvee emerged 21 days later. The young larve are campodeiform 
(Fig. 326, A); they are very agile creatures, with a long, slender 
body, well-developed legs, and long, slender antenne. They pass the 
winter without food. In the spring they find their way into the egg- 
sacs of the above-named spiders. Here they feed upon the young 
spiders; and the body becomes proportionately thicker. Later 
the larva molts and undergoes a remarkable change in form, becom- 
ing what is known as the second larva: in this stage the larva is 
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scarabeiform (Fig. 326, B); the legs are much reduced in size; the 
antenne are short; and the head is very small. When fully grown this 
larva measures from 7 to 10 mm. in length. It then spins a cocoon, 
and changes to a pupa within the skin of the larva. Later the larval 
skin is cast; and, finally, after being in the cocoon about a month, 
the pupa becomes active, pierces the cocoon and the egg-sac, and 
crawlsabout for a time (Fig. 326, C); later it changes to the adult 
form (Fig. 326, D). 

The life-history of Sjmphasis varia, a Brazilian species, is partly 
known. The larve of this species live parasitically in the nests of 
wasps; when full-grown each larva spins a cocoon in one of the cells 
of the nest. 

Only a few representatives of this family occur in the United States, 
and all are rare insects. 


Famity SISYRIDA 
The Spongilla-Flies 

The Sis¥ride in- 
clude a very limited 
number of small, 
smoky brown insects, 
of the form shown in 
Figure 327. They are 
called Spongilla-flies 
because the larve live 
as parasites in fresh- 
water sponges, the é 
typical genus of which is Spongzlla. ‘Two interesting features of these 
insects are the comparative simplicity of the wing-venation of the 
adults, and the anomalous habits of the larve. 

The more striking characteristics of the wings (Fig. 328) are the 
following: The costal area of the fore wings is not greatly broadened; 
the humeral vein is not recurrent and is not branched. Veins Sc and 
R, coalesce near the apex of the wing. The radial sector is pectinately 
branched; but no definitive accessory veins have been developed; 
this is the simplest form of pectinately branched radial sector found 
in the fore wings in this order. Marginal accessory veins are present. 

The larvee are aquatic and live in fresh-water sponges, upon 
which they feed. The life-history of a representative of each of the 
two genera, Sisyra and Climacia, which constitute this family, was 
worked out by Professor N eedham (or); and the anatomy and 
transformations of a species of Sisyra were carefully studied by Miss 
Anthony (’o2). The following notes are based on the accounts 

1 these authors. ae 
saci Pe aes he form of the adult is shown in Figure 327; 
its color is nearly uniform blackish brown. The legs and the apex 
of the abdomen are dirty yellowish. The length of the male to the 
tips of the wings is 6 mm; that of the female, 8 mm. 


Fig. 327.—Sisyra umbrata, greatly enlarged. (From 
Anthony.) 
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The larva (Fig. 329) is campodetform. 
formed for sucking as in the larve of ant-lions (see page 282); they 
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Its mouth-parts are 


Fig. 328.—Wings of Sisyra flavicormts. 


are very long; and two sucking organs, each formed of the mandible 
and maxilla of one side, are closely parallel for the greater part of 
their length. Each of the first seven abdominal segments bears on 


Fig. 329.—Larva of Sisy- 
ra umbrata. (After An- 
thony.) 


the ventral side a pair 
of jointed filaments 
which are believed to 
be tracheal gills. 
When full-grown, the 
larva leaves the water 
and spins over itself, 
on some object near 
the water, a hemi- 
spheric cover of close- 
ly woven silk, at- 
tached by its edges to 
thesupporting surface, 
and a complete inner 
cocoon of consider- 
ably smaller size, like- 
wise closely woven. 


Fig. 330.—Cocoon and 
cocoon-cover of Cli. 
macia. 


The silk-organs of the larva are described 


on pages 282-3. 


Climacia dictyona.—This species resem- 


bles the preceding in 


size but is yellowish 


NEUROPTERA 293 


in coloration; the two can be distinguished by the form of the labia 
(Fig. 331). 

In the larva of this species the sete on the dorsum of the tho- 
rax are situated on tubercles; they are sessile in the larva of Sisyra. 
The habits of the larva are similar to those of Sisyra. 


Fig. 331.—Labia of Spongilla-flies: a, Climacia dictyona; b, Sisyra umbrata. (After 
Needham.) 


Before spinning its cocoon this larva spins a hemispheric cover 
beneath which the cocoon is made, as does the larva of Sisyra. But 
in the case of Climacia this cocoon-cover is lace-like; it is a beautiful 
object (Fig. 330). 

Excepting the sialids, the larvee of Szsyra and Climacia are the 
only known aquatic neuropterous larvee found in this country. 


Famity SYMPHEROBIIDA 
The Sympherobiuds 


This family includes certain insects which were formerly classed 
with the Hemerobiidz but which exhibit a type of specialization of 
the wings that is quite different from that which is distinctively 
characteristic of that family. 

The distinctive characteristic of the Sympherobiide is that vein 
Ro+3 of the fore wings has become separated from the remainder 
of the radial sector and is attached separately to vein Ri. This 
results in the radius of the fore wing having two sectors, each of which 
is forked (Fig. 332). 

In this family the number of the branches of the radial sector has 
not been increased, this vein being four-branched in both fore and 
hind wings; but the tips of all of the branches are forked. ‘The costal 
area of the fore wing is broad towards the base of the wing; and the 
humeral vein is recurved and branched. 

_The North American species of this family represent two genera. 
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Sympherobius.—In this genus there are two series of gradate veins 
in the fore wings; the outer series consists of four cross-veins (Fig. 332). 
Seven American species have been described. The wing-expanse of 
these insects ranges from 9 mm. to 12 mm. 


WE 


ha cd.) 
Fig. 332.—Wings of Sympherobius amiculus. 


Pséctra.—In this genus there is only one series of gradate veins 
in the fore wings. The only species is Psectra diptera. The specific 
name of this species was suggested by the fact that in the female the 
hind wings are atrophied. This is a widely distributed species both 
in this country and in Europe. Its wing expanse is from 5 mm. to 
6 mm. 


Famity HEMEROBIIDZ 
The Hemerobiids 
The Hemerobiidz include insects of moderate size; in most of 
our species the wing-expanse is between 12 mm. and 22 mm.; in 


one species of Megalomus it is only 6mm. In most of the species the 
body is brown or blackish and is often marked with yellow; in some 
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the body is pale yellow. The wings are usually hyaline or pale 
yellowish. 

This family has been greatly restricted in recent times; formerly 
there were included in it the members of the two preceding and the 
three following families. 
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Fig. 333.—Wings of Hemerobius humult. 


As now restricted this family is composed of a group of genera 
that are characterized by a distinctive manner of specialization of the 
radius of the fore wings. This feature is a coalescence of vein R; and 
the stem of the pectinately branched radial sector, which results in 
what I have termed the suppression of the stem of the radial sector. 


A comparatively simple example of this condition is exhibited 
by Hemerdbius humuli; in the fore wings of this species (Fig. 333), 
veins R;, Ru, and R2+3 arise separately from what appears to be 
the main stem of the radius but which is really vein R; and the basal 
part of the radial sector coalesced. 


An early stage in the suppression of the stem of the radial sector 
is shown in the hind wing of Hemerobius humuli (Fig. 333). Here 
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i 1 i is joined to vein Ri. 
vein Ro+344 is bent forward near its base and is joine E 
The extending of the union of veins R; and R2+3+4 from the point 
where they now anastomose towards the base of the wing, so as to 
obliterate the small cell between them, and also towards the apex of 


Fig. 334.—Wings of Megalomus mestus. 


the wing for a certain distance, would produce the condition that exists 
in the fore wing. 


The wings of Hemerobius represent a comparatively simple type 
of hemerobiid wings; those of Megalémus mestus (Fig. 334), a more 
complicated one. Here there have been developed a larger number 
of definitive accessory veins and of marginal accessory veins. 


Under the title “A Revision of the Nearctic Hemerobiidz’’ Mr.N. 
Banks (’05) has published an account of this family, the two preceding 
families, and the three following families, in which all of our species 
known at that time are described. 
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_ The larve of the hemerobiids, as far as they are known, resemble 
in their general appearance aphis-lions (Chrysopidz), and, like the 
aphis-lions, feed on 
plant-lice and other 
small insects. Their 
mouth-parts are 
formed for piercing 
and sucking (see 
page 282), and the 
posterior part of 
the alimentary ca- 
nal is transformed 
into a silk-organ, as 
in Sizsyra (see page 
283). They are 
found most often 
running about on 
trees, and especial- 
ly on coniferous 
trees. Some, lke 
the aphis-lions, are ae ie eee eee Ae larva pe 
€ same partia 

naked; but the lar- victims, Sais 2) petiee of tis ee coe ae 
vee of some species, moved in order to show the head. (From Sharp.) 
at least, of Hemero- 

bius cover them- 

selves with a cloak, composed of the empty skins of their victims 
and other debris (Fig. 335). These larve are furnished at the sides 
with projections which serve as pedicels to elongate, divergent hairs 


that help to keep the cloak in place. 


There are thirty described American species belonging to this 
family; these represent four genera, Hemerobius, Boriomyia, Megalo- 
mus, and Micromus. 


Famity DILARIDA 


The Dilaride is a small family, representatives of which are found 
chiefly in the Old World. In this family the antenne of the male 
are pectinate; and the female is furnished with an exerted ovipositor. 


Only a single, exceedingly rare species, Dilar americanus, has been 
found in North America; and of this only a single female individual 
isknown. This is a small insect; the length of the body, not includ- 
ing the ovipositor, is about 3 mm.; the length of the ovipositor is a 
little greater than that of the body; the expanse of the wings is about 
14mm. There isa single five-branched radial sector in both foreand 
hind wings. In several exotic species the radius of the fore wings 
bears two or more sectors. 


The type of our species was taken at Bee Spring, Kentucky, in 
June, 1874. 
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Famity BEROTHIDAD 


The Berothidz is a small family, which is represented in Nerth 
America by a single genus, Lomamyia, of which only two spectes are 


Fig. 336.—Wings of Berotha insolita, 


known. Figure 336 represents the venation of the wings of the type 
species of the family, Berétha insélita, which is found in India, and 
to which our species are closely allied. 

The fore wings are falcate, which is not true of certain exotic genera; 
the humeral cross-vein is not recurved; many of the transverse veins 
between the costa and the subcosta are forked ; the radial sector bears 
definitive accessory veins; and there is a single series of gradate 
veins in the radial area. In the hind wings the first radio-medial 
cross-vein is transverse; vein Cu, is wanting; and the area between 
the margin of the wing and veins rst A and Cu is narrow and largely 
occupied by the fanlike tips of the accessory veins. 

Nothing is known regarding the early stages of these insects. 


Famity POLYST@CHOTIDA 


The family Polystoechotide was 

= established to receive the genus 

'g. 337-—Polysterchotes puncta- — Pol ysteechotes, of which only two species, 
us. < 

ru both American, areknown. ‘Theseare 

larger insects than are the members of the allied families, 
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measuring in wing-expanse from 40 mm. to 75 mm., varying greatly 
in size. They are nocturnal and are attracted to lights. The two 
species can be distinguished as follows: 

Polystechotes punctatus (Fig. 337). This is blackish, with three 
longitudinal lines on the prothorax, and with the lateral margins of 
this segment yellowish. 


—Zy 


Fig. 338.—Wings of Polystechotes punctatus. 


Polystechotes vittatus.—This is pale yellowish, with a black stripe 
on the sides of the thorax, and with the abdomen dark brown. 

The larva of neither of these species is known. This is a strange 
fact considering the size and the abundance of these insects. 

The wings of Polystechotes punctatus (Fig. 338) represent the type 
of wing-venation characteristic of this family. In these wings the 
humeral cross-vein is recurved and branched; veins Sec and R, co- 
alesce at the tip; the radial sector is pectinately branched; the num- 
ber of cross-veins is greatly reduced; but there is in both fore and 
hind wings a very perfect series of gradate veins. 

In these wings the development of definitive accessory veins on 
the radial sector and the regularity of the border of marginal accessory 
veins have reached a very high degree of perfection. 


FamiIty CHRYSOPIDA 


The Lacewing-Flies or Aphis-Lions 


The family Chrysopide includes the insects commonly known 
as lacewing-flies; these and their larve, the aphis-lions, are common 
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and well-known insects; they are found upon herbage and the foliage 
Ofishrubstandstrees 
throughout the summer 
months (Fig. 339). 

The adults are easily 
recognized by their deli- 
cate lacelike wings and 
their green or yellowish 
green color. Members of 
several of the preceding 
families have delicate 
lacelike wings; but with 
those insects the wings 
are more or less brown or 
are hyaline. 

While these insects 
are most commonly 
known as the lacewing- 

5 bs flies,other popular names 

on ia larva, cocoon, and adult of his Mean applie auto 

them; they are some- 

times called golden-eyed flies, on account of the peculiar metallic 

color of their eyes while alive; and as some species, when handled, 

emit a very disagreeable odor, they have been called stink-flies, an 
undesirable name for such beautiful insects. 


The wings of the Chrysopide are characterized by a very re- 
markable and distinctive type of specialization, the details of which 


Fig. jsdoe Hore wing of Chrysopa nigricornis: M’, pseudo-media; Cur’, pseudo- 
cubitus. 


can be understood only by a study of the tracheation of the wings 
of the pupe. Such a study has been made by McClendon (’06), 
Tillyard (’16), and R. C. Smith (22). 


A superficial examination of a wing of Chrysépa (Fig. 340) reveals 
the presence of two longitudinal veins between the radial sector and 
the inner margin of the wing, one of which appears to be the media 
and the other vein Cu; but each of these, as is shown later, is a 
serial vein composed of sections of several veins. 
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_ _As it would be impracticable to apply to these serial veins names 
indicating their composition, they have been termed the pseudo- 


media or vein M’ and the pseudo-cubitus-one or vein Cu’, re- 
spectively (Fig. 340, M’ and Cu’). 
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Fig. 341.—Tracheation of the wings of a pupa of Chrysopa nigricornis. 


An examination of the tracheation of the wings of a pupa of 
Chrysopa nigricornis reveals the nature of the two serial veins M’ 
and Cuy’ (Fig. 341). 

In order to show more definitely the composition of the two serial 
veins,a diagram of an adult wing is given (Fig. 342),in which the 
elements of the coalesced veins are represented slightly separated, 
and the cross-veins connecting the coalesced veins are represented 
by dotted lines. By comparing this diagram with Figure 340 the 
homologies of the different veins can be recognized. 


The larve of the lacewing-flies are known as aphis-lions, because 
they feed upon aphids; they are found on the foliage of plants in- 
fested by these pests; they also feed upon other small insects and 
the eggs of insects; they are spindle-shaped (Fig. 339) and are fur- 
nished with piercing and sucking mouth-parts like those of ant-lions. 


Nearly all aphis-lions are naked; but a few species cover them- 
selves with the skins of their victims and other debris, as do the larvee 
of Hemerébius. This has been observed by European writers (Sharp 
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’9s); and recently Mr. R. C. Smith (’21) has found that the larvee 
of several of our native species have a similar habit. 


The cocoons are generally found on the lower sides of leaves or 
on the supports of plants; they are spherical and composed of dense 
layers of silk. In order to emerge the insect cuts a circular lid from 
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Fig. 342.—Diagram of the wings of Chrysopa nigricornis, showing the coalesced 
veins slightly separated. 


one side of the cocoon; this is done by the pupa by means of its 
mandibles. After emerging from its cocoon, the pupa crawls about 
for a short time before changing to the adult state. 


The adults are often attracted to lights at night. A remarkable 
fact in the life-history of these insects is the way in which the female 
cares for her eggs. When about to lay an egg she emits from the end 
of her body a minute drop of a tenacious substance, which is probably 
a product of the colleterial glands; this she applies to the object on 
which she is standing and then draws it out into a slender thread by 
lifting the abdomen; then an egg is placed on the summit of this 
thread. The thread dries at once and firmly holds the egg in mid-air. 
These threads are usually about 12 mm. in length, and occur singly 
or in groups; a group is represented attached to a leaf in Figure 330. 


About fifty species belonging to this family have been found in 
the United States and Canada; the greater number of these belong 
to the genus Chrysdpa. 
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Famity MYRMELEONIDA 
The Ant-Lions 


The members of the family Myrmeleonide are commonly known 
as ant-lions. This name was suggested by the fact that the larve of 
the best-known 
species, those that 
dig pitfalls, feed 
chiefly on ants. 

The adults are 
graceful creatures. 
The body is long 
and slender (Fig. 
343); the antennze 
are short and en- 
larged towards the 
end; the wings are 
and delicate in MESS jar seo with pupeskn prjetng an 
structure; they are 
furnished with many accessory veins, both definitive and marginal, 
and with very many cross-veins. A distinctive feature of the wings 
of these insects is the presence of an elongated cell behind the point 
of fusion of veins Sc and R, (Fig. 344); this characteristic serves to 
distinguish this family from the closely allied Ascalaphide. 

The determination of the homologies of the wing-veins of the 
Myrmeleonidz was completed only recently. The results of this de- 
termination are set forth in detail by the writer in his ‘““The Wings 
of Insects,’’ where they are illustrated by many figures. 

Our native species, as a rule, are not striking in appearance; 
the wings are hyaline and are often more or less spotted with black or 
brown marks; but certain exotic forms, as those of the genus Pal- 
pares, are large and have conspicuously marked wings. 

The larve have broad and somewhat depressed bodies which 
taper towards each end (Fig. 343). The mouth-parts are large and 
powerful and are of the piercing and sucking type; they are described 
on page 282. The pupa state is passed in a spherical cocoon, made of 
sand fastened together with silk, and neatly lined with the same 
material (Fig. 343). The silk is spun from the posterior end of the 
alimentary canal and is secreted by modified Malpighian vessels, as 
in Sisyra (see page 283.) 

This is a large family including several hundred described species. 
In his ‘‘Catalogue of the Neuropteroid Insects of the United States,” 
Banks (’07) lists fifty-eight species of this family known at that time 
to occur in our fauna; these are distributed among eleven genera. 

The life-histories of comparatively few of the species are known; 
but certain species, the larvae of which dig pitfalls in sandy places, 
have attracted much attention since the earliest days of entomology. 
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Ant-lions are much more common in the Southern and Southwest- 
ern States than they are in the North. The pitfalls of the larvee are 
usually found in sandy places that are protected from rain, as beneath 
buildings or overhanging rocks. In making these pitfalls the sand 
is thrown out by an upward jerk of the head, this part of the body 
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Fig. 344.—Wings of Myrmeleon. 


serving asa shovel. The pits differ greatly in depth, according to the 
nature of the soil in which they are made. Their sides are as steep 
as the sand will lie. When an ant or other wingless insect steps upon 
the brink of one of these pits, the sand crumbles beneath its feet, 
and it is precipitated into the jaws of the ant-lion, which is buried 
in the sand, with its jaws at the bottom of the pit (Fig. 345). Incase 
the ant does not fall to the bottom of the pit, the ant-lion undermines 
it by throwing out some sand beneath it. I have even seen an ant-lion 
throw the sand in such a way that in falling it would tend to hit the 
ant and knock it down the side of the pit. These larve can be easily 
kept in a dish of sand, and their habits watched. 


The most common ant-lion 
in the North is Myrméleon im- 
maculatus; the larva of this 
species makes a pitfall. The 
habits of the larve of Glenirus, 
Dendréleon, and Acanthdclisis, 
pain aaa, PRG Rea ee three genera that are repre- 
Fig. 345.—Pitfall of an ant-lion. sented in this country, have 
been described by European 
Fide, writers. These larve do not 
dig pitfalls, but partially bury themselves in the sand, from which 
position they throw themselves quickly upon their victims. 
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Famity ASCALAPHIDA 
The Ascalaphids 


The family Ascalaphide is quite closely allied to the preceding 
family; but the members of this family can be easily distinguished 
from myrmeleonids by 
the greater length of the 
antenne (Fig. 346) and 
by the fact that in the 
wings there is not an 
elongate cell behind the 
point of fusion of veins 
Scand Ri; compare Fig- 


ures 347 and 344. Fig. 346.—Ululodes hyalina. (From Kellogg, after 
McClendon.) 


The adults are pre- 
dacious; some species fly in the daytime in bright sunshine, but it is 
said that others fly in the twilight. Some species resemble myrmeleon- 
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Fig. 347.—Wings of Ululodes hyalina. 
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ids in appearance, while others resemble dragon-flies. When at rest 
they remain motionless on some small branch or stalk, head down, 
with the wings and antenne closely applied to the branch, and the 
abdomen erected and often bent so as to resemblea short brown twig 
or branch (Fig. 346). 


306 AN INTRODUCTION TO ENTOMOLOGY 


The larvee resemble ant-lions in the form of the body and possess 
the same type of mouth-parts (Fig. 348). They have on each 
segment of the body a pair of lateral finger-like appendages, 
which are clothed with hairs. They do not dig 
pitfalls, but lie in ambush on the surface of the 
ground, with the body more or less covered, and 
wait for small insects to come near them. When 
a larva is full-grown, it spins a spherical silken 
cocoon. An account of the life-history of one 
of our native species, Ululodes hyalina, has been 
published by McClendon (’o2). 


The Ascalaphide of the world have been mon- 
ographed by H. W. Van der Weele (’08). In this 
monograph more than two hundred species are de- 
scribed. The members of this family are chiefly 

: a tropical insects, but a few species occur in the 
Hier sae ees United States; these represent three genera, which 
(After McClendon.) can be separated by the following table. 


A, SByes Cntireta7 eer ern ee eee re NEUROPTYNX 
AA. Each eye divided into two parts by a groove. 
Is},  desbbaycl ianeenegvay GE TWATNEG CMBR, 55. oc soneons soenneee ULULODES 
BB Ein dimarcim otewinosnexcised seeeEnen Geena: COLOBOPTERUS 
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Fig. 349.—Wings of Semidalis aleurodiformis. (After Enderlein.) 
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Famity CONIOPTERYGID 
The Mealy-winged Neuroptera 


The Coniopterygide is a family of limited extent; and it includes 
only small insects, the smallest of the Neuroptera; the described 
American species measure only 3 mm. or less in length. They are 
characterized by a reduced wing-venation (Fig. 349) and by having 
the body and wings covered by a whitish powder. 

While the adults resemble very slightly other neuropterous insects, 
the larve resemble those of the Hemerobiidz and allied families in 
form, in the structure of their mouth-parts, in their predacious habits, 
and in their metamorphosis. 

The larve have been seen to feed upon coccids, aphids, and the 
eggs of the red-spider; they doubtless feed on other small insects. 
When full-grown they make a double cocoon consisting of an outer 
flat layer and an inner spherical case. 

Mr. Nathan Banks (’07) has published a revision of the species 
that have been found in our fauna. This includes eight species, 
representing five genera. 


a a 
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CHAPTER XII 
ORDER EPHEMERIDA* 


The May-F lies 


The members of this order have delicate membranous wings, which 
are triangular in outline and are usually furnished with a considerable 


Fig. 350.—A May-fly. 


number of intercalary veins and with many 
cross-veins; the hind wings are much small- 
er than the fore wings and are sometimes 
wanting. The mouth-parts of the adults are 
vestigial; those of the naiads are fitted for 
chewing. The metamorphosis 1s incomplete. 


The May-flies or ephemerids are often 
very common insects in the vicinity of 
streams, ponds, and lakes; frequently the 
surface of such bodies of water is thickly 
strewn with them. They are attracted by 
lights; and it is not an uncommon occur- 
rence 1n summertime to see hundreds of 
them flying about a single street-lamp. 

The May-flies are easily distinguished 
from other net-winged insects by the 
shape of the wings and the relative sizes 
of the two pairs (Fig. 350). 

The mouth-parts of the adult are 
vestigial, as these insects eat nothing in 


this state. The antenne are very small; they are composed of 


two short, stout 
segments suc- 
ceeded bya slen- 
der, many-joint- 
ed bristle. The 
thorax is robust, 
with the meso- 
thorax predomi- 
nant; the great 
development of 
this segment is 
correlated with 
the large size of 
the fore wings. 


The abdomen is Fig. 351.—Caudal end of abdomen of Siphlurus alternatus, 


long, soft, and 
composed of ten 


male: 9, 10, IT, abdominal segments; c, cerci; mf, median 
caudal filament; p, penis; f,forceps-limbs. (After Morgan.) 


*Ephemérida, Ephemera: ephemeron (€pjuepov), a May-fly. 


(308) 


EPHEMERIDA 309 


visible segments; the eleventh segment, which bears the cerci, 
is overlapped by the tenth (Fig.351). The cerci are long, slender, 
and many-jointed; and in some species there is a median caudal 
filament, which resembles the cerci in form; these three organs, 
the two cerciand the median caudal filament, are commonly referred 
to as the caudal sete. In the male there is a pair of clasping 
organs placed ventrally at the extremity of the tenth segment; these 
are usually two-, three-, or four-jointed and are termed the forceps- 
limbs. Each vas deferens and each oviduct has a separate opening; 
in the male these openings are at the caudal end of the body; in 
the female, between theseventh and eighth sternites. 

In some May-flies the compound eyes are divided; one part of 
each, in such cases, is a day-eye, and the other a night-eye (see page 
144). 

As the adult May-fly takes no food, its alimentary canal is not 
needed in this stage for purposes of digestion, and, instead of serving 
this function, acts as a balloon, being inflated with air, 
thus lessening the specific gravity of the body and aid- 
ing in flight. 

In this order a marked cephalization of the flight 
function has taken place, which has resulted in a great 
reduction of the hind wings in all living forms. In 
some cases (Cents et al.), this has gone so far that the _* 
hind wings are wanting (Fig. 352); but at least one ae 526 

. ; . . . (ens a 
pair of wings is present in all members of this order. yo yi aed 

When at rest, the wings are held upright; they are May-fly. 
never folded over the abdomen. No anal furrow has 
been developed. A striking feature of the wings of May-flies is their 
well-known corrugated or fan-like form, there being a remarkably 


Fig. 353.—Fore wing of Chirotonetes albomanicatus. 


perfect alternation of so-called convex and concave veins. Correlated 
with the development of the fan-like form of the wings has been the 
development of intercalary veins, that is, veins that did not arise as 
branches of the primitive veins, but were developed in each case as 
a thickened fold, more or less nearly midway between two preexisting 
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veins, with which primarily it was connected only by cross-veins. 
The veins labeled IMi, IMs, and ICu; in Figures 353 and 354 are 
good illustrations of this type of veins. The initial I in these designa- 
tions is an abbreviation of the word intercalary. Thus the intercalary 
vein between veins Cu; and Cur, 7. e., in the area Cu, is designated 
as vein ICu. 

Figures 353 and 354 will aid in the determination of the homol- 
ogies of the wing-veins of May-flies. In these figures convex veins 
are designated by 
plus signs and con- 
cave veins by minus 
signs. In attempt- 
ing to determine 
the homology of a 
vein in a wing 
where the venation 
is reduced, it should 
first be determined 
whether the vein is 
convex or concave, 
as the corrugations 
of the wings of 
May-flies are the 
most persistent fea- 

Fig. 354.—Hind wing of Chirotonetes albomanicatus. tures of them. For 
a more detailed ac- 
count of this subject, see Chapter X of ‘‘The Wings of Insects.”’ 

The Greek name Ephémeron applied to these insects in the days 
of Aristotle was derived from ephemeros, signifying lasting but a day; 
and from that time to this, frequent references have been made to the 
insects that live only a single day. This brevity of the life of these 
insects is true only of their existence in the adult state. Strictly speak- 
ing, the May-flies are long-lived insects; some species pass through 
their life-cycle in a few weeks in midsummer; but as a rule one, two, or 
even three years are required for the development of a generation. 
The greater part of this time is passed, however, beneath the surface 
of water, and after the insect emerges into the air and assumes the 
adult form its existence is very brief. With many species the indi- 
viduals leave the water, molt twice, mate, lay their eggs, and die in 
the course of an evening or early morning; and although the adults 
of many genera live several days, the existence of these insects is 
very short compared with that of the adults of other insects. 


The females lay their eggs in water. Some short-lived species 
discharge the contents of each ovary in amass. Individuals are often 
found in which there project from the caudal end of the body two 
parallel subcylindrical masses of eggs, one protruding from each of 
the openings of the oviducts. “The less perishable species extrude their 
eggs gradually, part at a time, and deposit them in one or the other 
of the following manners: either the mother alights upon the water 
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at intervals to wash off the eggs that have issued from the mouths of 
the oviducts during her flight or else she creeps down into the water— 
enclosed within a film of air with her wings collapsed so as to overlie 
the abdomen in the form of an acute narrowly linear bundle, and 
with her setae closed together—to lay her eggs upon the under side of 
the stones, disposing of them in rounded patches, in a single layer 
evenly spread, and in mutual contiguity.” (Eaton ’83). 


Fig. 355.—Metamorphosis of a May-fly, Ephemera varia: A, adult; B, naiad. 
(After Needham.) 


The metamorphosis of May-flies is incomplete. The wings are 
developed externally, as in the Orthoptera; the development of the 
compound eyes is not retarded; but the immature forms, or naiads, 
are ‘‘sidewise developed”’ to fit them for aquatic life. In most species 
the form of the body of the naiads is elongate and furnished with two 
or three long “caudal sete,” that is, cerci and in some a median 
caudal filament; in these respects the naiads resemble, to a greater 
or less degree, the adults (Fig. 355); but except in the early instars 
the abdomen of a naiad is furnished with tracheal gills (Figs. 355 and 
356.) 

The tracheal gills are usually large and prominent; in most 
species there are seven pairs, borne by the first seven 
abdominal segments. They vary greatly in form in the 
different genera. In some each gill is divided into two 
long narrow branches, which lie in one plane (Fig. 355); 
in others the gills consist of a scoop-shaped covering 
piece beneath which is a more delicate part consisting 
of many thread-like branches. A detailed account of 
the various forms of tracheal gills of May-flies is given 
by Miss Morgan (’13). 

The naiads of May-flies are all aquatic; they are 
very active; and are almost entirely herbivorous, Peete Ne 
feeding largely on the decaying stems and leaves of ‘jaqGfa May- 
aquatic plants, the epidermis of moss and of roots, fly. 
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algee, and diatoms. The variations in the details of their habits are 
described as follows by Dr. Needham (’18). 

“A few, like Hexagénia, Ephémera, and Polymitdrcys are burrowers beneath the 
bottom silt. A few like Cenis and Ephemerélia, are of sedentary habits and live 
rather inactively on the bottom, and on silt-covered stems. Many are active 
climbers among green vegetation; such are Callibetis and Blastirus; and some 
of these can swim and dart about by means of synchronous strokes of tail and gills 
with the swiftness of a minnow. ‘The species of Leptophlébia love the beds of 
slow-flowing streams, and all the flattened nymphs of the Heptagenine live in 
swiftly moving water, and manifest various degrees of adaptation to withstanding 
the wash of strong currents. The form is depressed, and margins of the head and 
body are thin and flaring, and can be appressed closely to the stones to deflect the 
current.”’ 


There are two features of special interest in the structure of the 
naiads of May-flies: first, the hypopharynx bears a pair of lateral 
lobes, which are believed to be 
vestiges of paragnatha; and sec- 
ond, the presence of accessory 
circulatory organs in the cerci 
and median caudal filament 
(Higws57) 

May-flies exhibit a remark- 
able peculiarity in their develop- 
ment. After the insect leaves the 
water and has apparently as- 
sumed the adult form, that is, 
after the wings have become fully 
expanded, it molts again. These 
are the only insects that molt af- 


Fig. 357.—A, caudal end of abdomen of 
Cloéon dipterum: h, heart; a, acces- 
sory circulatory organs. B, twenty- 
sixth segment of a cercus: 0, orifice in 


ter they have attained functional 
wings. The term subimagoisap- 
plied to the instar between the 
naiad and the final form of the 


blood vessel. (After Zimmerman.) . ; 
insect, the adult. With some 


species the duration of the subimago stage is only a few minutes; 
the insect molts on leaving the water; flies a short distance; and 
molts again. In others this stage lasts twenty-four hours or more. 

With many species of May-flies there is great uniformity in the 
date of maturing of the individuals. Thus immense swarms of them 
will leave the water at about the same time, and in the course ofa few 
days pass away, this being the only appearance of the species until 
another generation has been developed. The great swarms of “lake- 
flies,” Ephémera simulans, which appear along our northern lakes 
about the third week of July, afford good illustration of this peculi- 
arity. 

Famity EPHEMERIDA 


The May-Flies 
The order Ephemerida includes a single family, the Ephemeride; 


? 


the characteristics of this family, therefore, are those of the order, 
which are given above. 
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Comparatively few writers have made extended studies of the 
classification of the ephemerids; this is doubtless partly due to the fact 
that pinned specimens usually become shriveled and are very fragile; 
consequently this order is poorly represented in most collections of 
insects. In spite of this,more than one hundred species have been 
described from the United States. An important paper on the 
classification of May-flies is that by Dr. Needham (’os) in Bulletin 86 
of the New York State Museum. Here are given keys for separating 


the North American genera, one for the adult insects and one for 
the naiads. 


NY. 
VEN 


CHAPTER XIII 
ORDER ODONATA* 


The Dragon-Flies and the Damsel-Flies 


The members of this order have four membranous wings, which are 
finely netted with veins; the hind wings are as large as or larger than 
the fore wings; and each wing has near the middle of the costal margin a 
joint-like structure, the nodus. There are no wingless species. The 
mouth-parts are formed for chewing. The metamorphosis 1s incomplete. 

Dragon-flies and damsel-flies are very common insects in the 
vicinity of streams, ponds, and lakes; they are well known to all who 
frequent such places. The dragon-flies, especially, attract attention 
on account of their 
large size (Fig. 358) 
and rapid flight, 
back and forth, 
over the water and 
the shores; the 
damsel-flies (Fig. 
359) are less likely 
to be noticed, on 
account of their less 
vigorous flight. 

The name of 
this order is evi- 
dently from the 
Greek word odous, 

Fig. 3 hare dragon-fly, Plathemis lydia, (From San- see a ni eae 
. it to these insects is 
obscure; it may refer to the tusk-like form of the abdomen. 

In these insects, the head is large; it differs inshape in the two 
suborders as described below. The compound eyes are large; they 
often occupy the greater part of the surface of the head; in many 
cases the upper facets of the eye are larger than the lower, and ina 
few forms the line of division between the two kinds is sharply 
marked. It is probable that the ommatidia with the larger facets 
are night-eyes, and those with the smaller facets, day-eyes. See 
pages 142 and 143. Three ocelli are present. The antennz are short; 
they consist of from five to eight segments; of these the two basal 
ones are thick, the others form a bristle-like organ. The mouth- 
parts are well developed; the labrum is prominent; the mandibles 
and maxilla are both strongly toothed; and the labium consists of 


*Odonata: odous (d50bs), a tooth. 
(314) 
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three large lobes, which with the labrum nearly enclose the jaws when 
at rest. The thorax is large. The wings are, as a rule, of nearly 
similar size and structure; they are richly netted with veins; and the 
costal border of each is divided into basal 
and apical parts by what is termed the nodus 
(Fig. 364, u). The legs are rarely used for 
walking, but are used chiefly for perching, 
and are set far forward; the tarsi are three- 
jointed. The abdomen is long, slender, and 
more or less cylindrical; the caudal end is 
furnished with clasping organs in the males. 
A remarkable peculiarity of the order is 
the fact that the copulatory organs of the 
male are distinct from the opening of the 
vasa deferentia; the former are situated on 
thesecond abdominal segment, the latter on 
the ninth. Before pairing, the male conveys 
the seminal fluid to a bladder-like cavity on 
the second abdominal segment; this is done 
by bending the tip of the abdomen forward. 
Except in the subfamily Gomphine, the pair- iy 
ing takes place during flight. The male la 
seizes the prothorax or hind part of the head Fig. 359.—A damsel-fly. 
of the female with his anal clasping organs; 
the female then curves the end of the abdomen to the organs on the 
second abdominal segment of the male. Pairs of dragon-flies thus 
united and flying over water are a common sight. 


The Odonata are predacious, both in the immature instars and 
as adults. The adults feed on a great variety of insects, which they 
capture by flight; and the larger dragon-flies habitually eat the 
smaller ones, but a large part of their food consists of mosquitoes 
and other small Diptera. 

The eggs are laid in or near water. All of the damsel-flies and 
many dragon-flies are provided with an ovipositor, by means of 
which punctures are made in the stems of aquatic plants, in logs, in 
wet mud, etc., for the reception of the eggs. The females of those 
dragon-flies that lack a well-developed ovipositor deposit their eggs 
in various ways. In some species the female flies back and forth 
over the surface of the water, sweeping down at intervals to touch it 
with the tip of her abdomen and thus wash off one or more eggs into 
it. In other species the eggs are laid in a mass on some object just 
below the surface of the water; some species do this by alighting 
upon a water-plant, and, pushing the end of the abdomen below the 
surface of the water, glue a bunch of eggs to the submerged stem or 
leaf: in other species the mass of eggs is built up gradually; the 
female will poise in the air a short distance above the point where the 
mass of eggs is being laid, and at frequent intervals descend with a 
swift curved motion and add to the egg-mass and then return to her 
former position to repeat the operation. Still other species hang their 
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eggs in long gelatinous strings, on some plant stem at the surface uf 


the water. 


The metamorphosis is incomplete. The naiads are all aquatic 
except those of a few Hawaiian damsel-flies, which live on moist soil 


Fig. 360.—Under side 
of head of a naiad 
of a damsel-fly with 
labium unfolded. 
(After Sharp.) 


The dragon-flies 


under the leaves of liliaceous plants. The wings 
are developed externally, and the development of 
the compound eyes is not retarded, as it is with 
larve. The adaptations for aquatic life differ in 
the two suborders and are described later. 

All naiads of the Odonata are predacious. 
The mouth is furnished with well-developed 
mandibles and maxille, all of which are armed 
with strong teeth. But none of these is visible 
when the insect is at rest. The lower lip is greatly 
enlarged, and so formed that it closes over the 
jaws, concealing them. For this reason it has been 
termed the mask. But it is much more than a 
mask; it is a powerful weapon of offence. It is 
greatly elongated and is jointed in such a way that 
it can be thrust out forward in front of the head. 
It is armed at its extremity with sharp hooks, 
for seizing and retaining its prey (Fig. 360). 

The order Odonata is divided into three sub- 
orders. One of these suborders, the Anisozygép- 
tera, is composed almost entirely of fossil forms, 
being represented among living insects by a single 
genus, Epiophlébia, which is found in Japan. The 
other two suborders are well represented in this 
country; one of them consists of the dragon-flies, 
the other of the damsel-flies. 


SUBORDER ANISOPTERA* 
The Dragon-Flies 


are easily recognized 
by the relative size of 
the two pairs of wings, 
and by the attitude of 
the wings when at 
fest, (Migs 201)e) 1 he 
hind wings are larger 
than the fore wings 
and are of a somewhat 
different shape; but 
the ‘most striking 
characteristic is the 
fact that the wings 


Fig. 361.—A dragon-fly, Libellula luctuosa. 


are extended horizontally when at rest. 


*AnisOptera: anisos (ducos), unequal; pteron (wrepdv), a wing. 
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The head is large, broad, often semi-globose, and concave behind. 
The wings are very strong. An important factor in the strengthening 


Fig. 362.—Wings of naiads of Gomphus descriptus, early stages. (From Comstock 
and Needham.) 


of the wings of these insects is the development of a series of cor- 
rugations, which has resulted in certain veins becoming convex and 
others concave; this has progressed so far that there is a very perfect 
alternation of convex and concave veins. 

The habits of dragon-flies have been carefully studied by Professor 
Needham (’18), who writes as follows: 


““Among the dragon-flies are many superb flyers. The speed on the wing of 
Tramea and Anax equals, and their agility exceeds, that of swallows. They all 
capture their prey in flight; and are dependent on their wings for getting a living. 
But the habit of flight is very different in different groups. Only a few of the 


Fig. 363.—Tracheation of the wings of a grown naiad of Gomphus descriptus. 
(After Needham.) 
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strongest forms roam the upper air at will. Thereis a host of beautiful species, the 
skimmers or Libellulide, that hover over ponds in horizontal flight, the larger 
species on tireless wings, keeping to the higher levels. The stronger flying A®schni- 
dee course along streams on more or less regular beats; but the Gomphines are 
less constantly on the wing, flying usually in short sallies, from one resting place 
to another, and alighting oftener on stones or other flat surfaces than on vertical 
stems.” 


The characters presented by the venation of the wings of the 
Odonata are much used in the classification of these insects. In 
general the veins and areas of the wings are designated as in the 
accounts of the wings of other orders of insects; but there are certain 
features in the wings of these insects that are peculiar to them. 

The most distinctive feature of the wings of the Odonata is the 
fact that in the course of their development one or more branches, 
usually two, of the medial trachea invade the area of the radial sector. 


Baw sagtse, 
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Fig. 364.—Wings of Gomphus descriptus. In the front wing, cells or areas are 
labeled; in the hind wing, veins. 


This results in vein R, occupying a position behind one or more, 
usually two, of the branches of media. Figure 362 represents the 
tracheation of the wings of two naiads of Gimphus descriptus; the 
wing shown at A is of a very young naiad; that at B is of a somewhat 
older one. In the wing shown at A, the branches of trachea M are in 
their typical position; in the wing shown at B, trachea M; is in front 
of trachea R;. Figure 363 represents the tracheation of a full-grown 
naiad of the same species. In this stage of the development of the 
wings, both trachez M, and M; are in front of trachea R;; and it is 
a ius position that the veins of the adult wing are developed (Fig. 
364). 
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By comparing the figure of the wing of an adult (Fig. 364) with 
that of the full-grown naiad (Fig. 363), it will be seen that the 
oblique vein marked o is not a cross-vein but a section of vein Rs; 
so too, what appears to be another cross-vein, labeled s , is also a 
section of vein R,; this section of vein Rs is known as the subnodus. 
It will also be seen that what appears to be the base of the radial 
sector, labeled b 7, is a secondarily developed vein which connects the 
radial sector with a branch of media; this secondary vein is known 
as the bridge. The beginning of the formation of the bridge is shown 
in Figure 363.* 

The more important of the other special terms used in descriptions 
of the wings of dragon-flies are the following: Much use is made in 
taxonomic work of the two series of cross-veins that are nearest the 
costal margin of the wing; those of these cross-veins that are situated 
between the base of the wing and the nodus are termed the antenodal 
cross-veins; the first of these two series of antenodal cross-veins ex- 
tend from the costa to the subcosta; the second from the subcosta 
to the radius; the antenodal cross-veins are termed the antecubital 
cross-veins by some writers. The two series of cross-veins nearest to 
the costal margin of the wing and between the nodus and theapex 
of the wing are termed 
the postnodal cross- 
veins; the first of the 
two series of postnodal 
cross-veins extend 
from the costa to vein 
Ri; the second, from 
vein Ri to vein M;; 
the postnodal cross- 
veins are termed the 
postcubital cross-veins 
by some writers. Near 
the base of the wing 
there is in dragon-flies 
a well-marked area of 
the wing, which is usu- 
ally triangular in out- 
line (Fig. 364, t); this 
is the triangle; fre- 


Fig. 366.— Exuvie 
. } -  ofanaiad of a drag- 
quently the triangle is on-fly, Tetrago- 


IN A ie divided by one or neuria. 
Fig. 365.-Hind-intestineand part More cross-veins into ae 
of the tracheal system of anaiad two or morecells. The arealyingimme- 
of Zischna cyanea: R, R, R, R,rec- diately in front of the triangle (Fig. 364, 
tum; A, anus; /d, dorsal tracheal Cy es termed the ‘supertriangle; like the 
ies 7 ys enamel aches tabs; triangle this area may consist of a single 


M, Malpighian tubes. (From pe 
Sharp, aes Oustalet.) cell or may be divided by one or more 


*The conclusions regarding the homologies of the wing-veins given here are 
based on investigations by Dr. Needham the results of which were published by 
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cross-veins. Other named areas are the basal anal area (Fig. 364, ba) 
and the cubital area (Fig. 364, ca). 


The writer has given in his ‘“The Wings of Insects’ an extended 
discussion of the wings of Odonata, illustrated by many figures, in- 
cluding a plate in which adjacent veins are represented in different 
colors, so that the course of each can be easily followed. 


With the naiads of dragon-flies there is a remarkable modification 
of the organs of respiration, which fits these insects for aquatic life. 
The caudal part of the alimentary canal, the rectum, is modified so 
as to constitute a tracheal gill. It is somewhat enlarged; and its walls 
are abundantly supplied with tracheze and tracheoles (Fig. 365). 
Water is alternately taken in and forced out through the anal opening; 
by this process the air in the trachez, with which the walls of the 
rectum are supplied, is purified in the same manner as in an ordinary 
tracheal gill. 

The rectal tracheal gill of the naiads of dragon-flies is an organ of 
locomotion, as well as of respiration. By drawing water into the rec- 
tum gradually, and expelling it forcibly, the insect is able to dart 
through the water with considerable rapidity. This can be easily 
observed when naiads are kept in an aquarium. 


When the naiad of a dragon-fly is fully grown it leaves the water 
to transform. The skin of the naiad splits open on the back of the 
thorax and head, and the adult emerges, leaving the empty skin of 
the naiad clinging to the object upon which the transformation 
took place. Figure 366 represents such a skin clinging to the stem 
of a water plant. 

The suborder Anisoptera includes two families, the A°schnide 
and the Libellulide; each of these families is represented in our 
fauna by many genera and species. These are enumerated in the 
“Catalogue of the Odonata of North America” by Muttkowski (’10). 
The two families can be separated by the characters given below. 


Famity AASCHNIDA 


The Atschnids 


In this family the triangle (Fig. 364, t) is about equally distant 
from the arculus (Fig. 364, ar) in the fore and hind wings; and, 
except in the genus Cordulegaster, there is an oblique brace-vein 
extending back from the inner end of the stigma (Fig. 364). 


The eschnids are mostly large species; among them are the largest, 
fleetest, and most voracious of our dragon-flies. Some of them roam 
far from water and are commonly seen coursing over lawns in the 
evening twilight; but most of them fly over clear water. 


Comstock and Needham (’98—’99) and by Needham ('03). These conclusions 
have been questioned by Tillyard (22) and by Schmieder (’22); but I do not feel 
that it would be wise to modify them before a much more extended investigation 
of the subject has been made. 
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Famity LIBELLULIDA 
The Libellulids or Skimmers 


In this family the triangle in the hind wing is much nearer the 
arculus than is the triangle of the fore wing; and there is no oblique 
brace-vein extending back from the inner end of the stigma, as in 
the zschnids. 


This is a large family including many of our commonest and 
best-known species of dragon-flies; many of them are familiar figures 
flying over ponds and ditches and by roadsides. Most of them are 
of well-sustained flight, and are seen continually hovering over the 
surface of still water; this suggested the common name skimmers 
which has been applied to them. 


SUBORDER ZYGOPTERA* 
The Damsel-Flies 


The damsel-flies differ from the 
dragon-flies in that the two pairs 
of wings are similar in form and 
are either folded parallel with the 
abdomen when at rest (Fig. 367) 
or uptilted (Lestes). The head is 
transverse, each eye being borne 
by a lateral prolongation of the 
head. The females possess an 
Ovipositor by means of which the 
eggs are placed in the stems of 
aquatic plants, sometimes beneath 
the surface of the water. 

The name of the _ suborder 
probably refers to the fact that 
the wings are brought together 
when at rest. 


oor 
Sc 


Fig. 368.—Wing of Lestes rectangularis: 0, oblique vein; br, the bridge. 


*Zygdptera: zygon (fvysv), yoke; pteron (wrepbv), a wing. 
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Unlike the dragon-flies, the damsel-flies are comparatively feeble 
in their flight. ‘They are found near the margins of streams and 
ponds, in which the immature stages are passed. 


Most of the features in the venation of the wings of dragon-flies 
described on earlier pages are also characteristic of the wings of damsei- 
flies. Figure 368 represents an entire wing of Lestes rectangularis; 


Ri 


Fig. 369.—Base of fore wing of Lestes rectangularts: br, the bridge; q, quadrangle;' 
sq, subquadrangle. 


in this figure o indicates the oblique vein, and br the bridge. In 
Figure 369 the base of this wing is represented more enlarged, and 
the principal veins are lettered. 


In the suborder Zygoptera the cubitus and the first branch, vein 
Cu,, extend in a comparatively direct course from the base of the 
wing outward (Fig. 369); the abrupt bends in these veins in the 
region of the triangle, which are so characteristic of the Anisop- 
tera, are only slightly developed here. This results in the areas 
corresponding to the triangle and the supertriangle of the Anisop- 
tera being in direct line and forming an area which is often 
quadrangular; this area is termed the quadrangle (Fig. 369, q). Ina 
large part of this or- 
der the cross-vein sep- 
arating the parts of 
the quadrangle corre- 
spondingtothetriangle 
and the supertriangle 
of the Anisoptera is 
lacking, in which case 
the quadrangle con- 
sists of a single cell 
(Fig. 369, g). Insome 
order it is present; in Fi emt ire ine ae 
ee eee oo ree reve 370, representing the base of a wing 

) cells of the quadrangle are labeled ¢ and s to 


Fig. 370.—Base of wing of Heliocharis. 
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facilitate comparison with figures of wings of Anisoptera. In certain 


other members of this subor- 
der the quadrangle is divided 
into several cells by cross-veins 
(Fig. 371). 

The cubital area of the 
wing is usually quadrangular 
in outline in the Zygoptera, 
and is termed the subquad- 
rangle (Fig. 369, sq). Like 
the quadrangle, it may con- 
sist of a single cell or it may 
be divided by cross-veins (Fig. 
yee 


Fig. 371.—Base of wing of Heterina. 


The naiads of damsel-flies have three plate-like tracheal gills at 
the caudal end of the body (Fig. 372). The structure of these gills 
is illustrated by Figure 373; at A is represented an entire gill showing 
the trachee; and at B, part of a gill more magnified, showing both 


trachee (T) and tracheoles (t). 


Fig. 372.—Naiad of a 
damsel-fly, Argia. 


Fig. 373.—Tracheal gill of a damsel-fly: 
A, entire gill showing the trachex; 
B, part of gill more magnified, show- 
ing both trachee (T) and tracheoles 
(t). 


The suborder Zygoptera includes two families, the Agrionide 
and the Coenagrionidz. The genera and species of these families are 
enumerated by Muttkowski (’ to). The two families can be separated 


as follows. 


i i 7OSS-Vel AGRIONID 
. Wings with many, at least five, antenodal cross-veins........ 
AA eee usually a only two antenodal cross-veins, rarely with three or 


Se oer GERD Cant bese C@NAGRIONID 
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Famity AGRIONIDA® 
The True Agrionids 


In the Agrionidz the wings are furnished with many antenodal 
cross-veins; and, although the wings are narrow at the base, they 
are not so distinctly petiolate as in the next family. These insects 
may be termed the true agrionids, as owing to a misapplication of the 
generic name Agrion the members of the next family have been 
incorrectly known as the agrionids. 

Here belong the most beautiful of our damsel-flies, whose metallic 
blue or green colors are sure to attract attention. They are feeble in 
flight and do not go far from the banks of the pond or stream in 
which they were developed. 

There are only two genera of this family in our fauna. These are 
Agrion, which has been commonly known as Calépteryx, and Hete- 
rina. In Agrion the wings are broad and spoon-shaped. In Hete- 
rina the wings are rather narrow, and in the males the base of one or 
both pairs is red. 


Famity CHNAGRIONIDA 
The Stalked-winged Damsel-F lies 


The members of this famiily are easily recognized by the shape 
of their wings, which are long, narrow, and very distinctly petiolate 
(Fig. 368); and by the fact that in each wing there are only two 
aa cross-veins, except in a few cases where there are three or 
our. 

To this family belong the smallest of our damsel-flies; but while 
our species are of small or moderate size, there exist in the tropics 
species that are the largest of the Odonata. Some of our species are 
dull in color; but many are brilliant, being colored with green, blue, 
or yellow. This family includes the greater number of our damsel-flies. 


CHAPTER XIV 
ORDER PLECOPTERA* 
The Stone-Flies 


The members of this order have four membranous wings. In some 
genera the branches of the principal veins are reduced in number and 
there are comparatively few cross-veins; in others, accessory veins are 
developed and there are many cross-veins; in most genera the hind wings 
are much larger than the fore wings, and are folded in plaits and le 
upon the abdomen when at rest. The mouth-parts are of the chewing 
type of structure, but are frequently vestigial in the adult. The cerci are 
usually long and many-jointed. The metamorphosis is incomplete. 


Members of this order are common insects in the vicinity of rapid 
streams and on wave-washed rocky shores of lakes; but they attract 
little attention on account of their inconspicuous colors and secretive 
habits. They are called stone-flies because the immature forms are 
very abundant under stones in the beds of streams. 

In the adults the body is depressed, elongate, and with the sides 
nearly parallel (Fig. 374). 
The prothorax is large. The 
antennz are long, tapering, 
and many-jointed. The 
mouth-parts are usually 
greatly reduced. In some 
genera the mandibles are al- 
most membranous, but in 
others they are firm and 
toothed, being well fitted 
for biting. The maxille 
exhibit variations in the 
degree of their reduction 
similar to those shown by 
the mandibles. The maxil- 
lary palpi are five-jointed. 
The labial palpi are three- 
jointed. The legs are widely Fig. 374.—A stone-fly, Pteronarcys dorsata. 
separated, except the fore 
legs in the Pteronarcide; 
the tarsi are three-jointed. The hind wings are a littleshorter than 
the fore wings, but usually, owing to the expansion of the anal area, 
they are considerably larger than the fore wings; in a few genera the 
hind wings are smaller than the fore wings; in some species the wings 
of the male are greatly reduced in size, and in others the males are 
wingless. When at rest, the wings are folded in plaits and lie upon the 


*Plecoptera: plecos (wdéxos), plaited; pteron (wrepév), a wing. 
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abdomen, as shown on the left side of Figure 374. The cerciare usu- 
ally long and many-jointed; but they are rudimentary in the 
Nemouride. 

The stone-flies are unattractive in appearance; in most of them 
the colors are obscure, being predominantly black, brown, or gray; but 
some of them that are active in the daytime and inhabit foliage are 
green. Their powers of flight are quite limited; they are usually 
found crawling about on stones or on plants near streams. Several 
of the smaller species appear in the adult state upon snow on warm 
days in the latter half of winter. They become more numerous in 
early spring and often find their way into our houses. The most 
common one of these in central New York is the small snow-fly, 
Capnia pygmea. 

It is probable that most adult stone-flies eat nothing; this can 
be inferred from the reduced condition of their mouth-parts. But it 
has been shown by Newcomer (’18) that several species of Tentépteryx, 
which are equipped with well-developed mouth-parts, feed upon the 
buds and leaves of plants. One species in particular, T. pacifica, isa 
serious pest in the Wenatchee Valley, Wash., where it bites into the 
buds of fruit trees. 


One of the more striking features of the venation of the wings of the Plecoptera 
is a lack of uniformity in the number and courses of the subordinate veins. Not 
only are striking differences in wing-venation to be observed between different 
individuals of the same species, but frequently the wings of the two sides of an 
individual will vary greatly in venation. This is especially true as to the number 
of cross-veins and the branching of the veins in the distal parts of the wings. 
On the other hand, the characters presented by the trunks of the principal veins 
are quite constant. 

There is one characteristic of the wings of the Plecoptera that is so constant 
that it may be considered an ordinal character. This is the fact that in the wings 
of the adult the radial sector of the hind wings is attached to media instead of to 
radius (Fig. 376b). This switching of the radial sector of the hind wings is true 
only of the venation of the adult. In the wings of naiads the trachea Rs is a 
branch of trachea R. 

There are certain features of the wings of Plecoptera, which, although not 
always constant, occur in so large a portion of the members of the order that they 
may be considered characteristic; these are the following, all of which are repre- 
sented in Figure 376): The presence of the radial cross-vein (7). The absence of 
cross-veins in cell R and in the basal part of area R;. (Cross-veins are found in 
cell R in Pteronarcys.) The strengthening in the fore wings of the area between 
media and vein Cu, and of that between veins Cu; and Cu, by the development 
of many cross-veins. The reduction of media to a two-branched condition. The 
reduction of the radial sector to a two-branched condition. (Thisreduction of the 
radial sector is apparent only after an extended study of the wings of stone-flies. 
In many cases, of which the form represented by Figure 376) is one, accessory 
veins have been developed on vein R2+; which appear to be the primitive branches 
of the radial sector; but these accessory veins are very inconstant in number and 
position.) And the unbranched condition of the first anal veia. 

In concluding this brief summary of the special features of the wings of the 
Plecoptera it seems desirable to define some terms frequently used by writers on 
this order. 

The transverse cord.—In many genera of this order there isa nearly continuous 
series of cross-veins extending across each wing just beyond the middle of its 
length; this series of cross-veins is termed the anastomosis by many writers on 


the Plecoptera. As it is not formed by an anastomosing of vei 
term transverse cord is preferable. a oe ee 
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The pterostigma.—In most members of this order a specialized pterostigma has 
not been developed; but the term pterostigma is commonly applied to the cell 
beyond the end of the subcosta and between the costa and vein Ri, even though 
it is of the same color and texture as the remainder of the wing. 

The basal anal cell.—A very constant feature of the anal area of the wings of 
Plecoptera is the presence of a cross-vein near the base of the wing, which extends 
from the first anal vein to the second. The cell that is closed by this cross-vein is 
termed the basal anal cell (Fig. 376b, ba). 


The females drop their eggs in a mass in water. I have taken 
females of Perla and of Pteronarcys at lights, each with a mass of 
eggs hanging from the abdomen. 


The metamorphosis is incomplete. The immature forms are all 
aquatic. These naiads are common on the lower surface of stones in 
rapids. They can be found easily by lifting stones from such situations 
and turning them over quickly, when the na- 
iads will be found clinging to thestones 
with their flat bodies closely appressed to 
them and their legs, antenne, and cerci ra- 
diating on the surface of thestone, but they 
are apt to run away quickly. 

The naiads of stone-flies live only in 
well-aerated water; they are not found in 
stagnant water or in foulstreams. They are 
said to feed on other aquatic insects, includ- 
ing smaller individuals of their own species; 
but according to the observations of Dr. 
P. W. Claassen they are largely vegetable 
feeders. 

The body is depressed (Fig. 375); the 
antennez are long, sotoo are the cerci. Most 
species possess tracheal gills, situated usually 
on the ventral side of the thorax just be- 
hind the base of each leg; but tracheal gills 
are found in some species either on the un- 
der side of the head, on the basal abdom- 
inal segments, or at the tip of the abdo- 
men. A large number of the smaller species are destitute of 
tracheal gills; in these the air supply is absorbed through the thin 
cuticula of the ventral surface. The colors of naiads are often brighter 
than those of adults. 

When full-grown the naiads leave the water and transform on some 
near-by object. The empty exuvie are often found clinging to stones 
or logs projecting from water or on the banks of streams. 

According to a recent classification of this order, that of Tillyard 
(21), it includes seven families; but only four of these families are 
represented in our fauna. A monograph of the North American 
species of the order is in preparation by Professor J. G. Needham 
and Professor P. W. Claassen; this is nearly completed and probably 
will be published soon. The four families of our fauna can be separat- 


ed by the following table. 


Fig. 375. — Naiad of a 
stone-fly, Acroneura. 
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A. Anal area of the fore wings with two or more series of cross-veins (Fig. 
EAS) Rane soto ae a sea doar oi crime Aas ot etiann Piso ogo’ PTERONARCIDE 
AA. Anal area of the fore wings with not more than a single series of cross-veins, 
usually with no cross-veins beyond the basal anal cell. 
B. Media of the fore wings separating from radius gradually, the two forming 
aisharprangle (Pigs 76D) ap 42S een etre etter PERLIDE 
BB. Media of the fore wings separating from radius abruptly, the two form- 
ing a blunt angle (Fig. 376c). 
C. Anal area of the fore wings with a forked vein arising from the basal 
anal cell (Fig. 376a). Cerci vestigial. p. 330. NEMOURIDE 
CC. Anal area of the fore wings with only simple veins arising from the 


basal anal cell (Fig. 376d). Cerci well developed. p. 330...... 
CAPNIIDZ 


Che Sie s 6 ® 6: wroilple (e leneke e\slier(a) (6, 6]\9 eteue wie wlellss ele lerele.le ele la epee eveelee. 


Famity PTERONARCID/ 


This is a small family which is represented in North America by 


only two genera and by but few species. 
Pterondrcys.—This genus includes the largest of our stone-flies. 
Figure 374 represents a common species. The venation of the wings 


Fig. 376a.—Wings of Pteronarcella badia. 


is reticulate; the reticulation is irregular and extends in the fore wings 
from the costa through the anal area. 
A remarkable feature of members of this genus is that vestiges of 
tracheal gills are retained by the adults. E 
Pteronarcélla.—This genus includes smaller species than the pre- 
ceding one, and the venation of the wings is more regular than in 
Pteronarcys (Fig. 376a). 


Famity PERLIDZA 


The members of this family differ from the Pteronarcide in the 
smaller number of cross-veins in the anal area of the fore wings, 


PLECOPTERA 399 


there being usually no cross-veins beyond the basal anal cells (Fig. 
3700); and they differ from the following families in that media of 


Fig. 376c.—Wings of Nemoura sp. 
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the fore wings separates from radius gradually, the two forming a 
sharp angle (Fig. 376b). 

This is the largest of the families, including a large portion of the 
genera and species found in our fauna; fourteen genera have been 
described from this region. 


Famity NEMOURIDA 


In this and the following family the media of the fore wings 
separates from radius abruptly, the two forming a blunt angle (Fig. 
376c). In this family the second and third anal veins of the fore 
wings coalesce for some distance beyond the basal anal cell, forming a 
forked vein (Fig. 376c), and the cerci are vestigial. 

The family is represented in our fauna by nine genera. Our more 
common representatives are small, dusky, and grayish species that 
are found emerging throughout the spring of the year. 


Famity CAPNIID/ 


In this family, as in the Nemouride, the media of the fore wings 
separates from radius abruptly, the two forming a blunt angle (Fig. 
376d); but in this family there are in the anal area of the fore wings 


Fig. 376d.—Wing of Capnia sp. 


only simple veins arising from the basal anal cell (Fig. 376d), and the 
cerci are well developed. This is a small family which is represented 
in our fauna by only three genera. 

The members of this family that are most often seen are the little 
black species of Capnia that appear on snow on warm days in the 
latter half of winter and in early spring. The naiads of these live chiefly 
in small brooks. 


CHAPTER XV 
ORDER CORRODENTIA* 
The Psocids and the Book-Lice 


Lhe winged members of this order have four membranous wings, 
with the veins prominent, but with comparatively few cross-veins; the 
fore wings are larger than the hind wings; 
and both pairs when not in use are placed 
roof-like over the body, being almost vertical, 
and not folded in plaits. The mouth-parts 
are formed for chewing. The metamorphosis 
ts gradual. 


The best-known representatives of this 
order are the minute, soft-bodied insects 
which are common in old papers, books, 
and neglected collections and which have Fj Be Het A Ee is 
received the popular name_ book-lice. eee Peaseae ; 
These low, wingless creatures form, how- 
ever, but a small part of the order. The more typical winged forms 
(Fig. 377) beara strong resemblance to plant-lice or aphids. The body 
is oval,the head free,and the protho- 
rax small. The fore wings are larger 
than the hind wings; and both 
pairs when not in use are placed roof- 
like over the body, being almost 
vertical, and not folded in plaits. 
The wing-veins are prominent, but 
the venation of the wings is reduced. 
The tarsi are two- or three-jointed. 
Cerci are wanting. 

The mouth-parts are of especial 

: interest on account of the presence 

Fig. 378.—Mouth-parts of a book- of well-preserved paragnatha. Fig- 
louse, Troctes divinatorius: A,max- ure 378 represents the mouth-parts 
illa a paragnathus of a an of the common book-louse, aes 
ventral view; m, maxilla; J; J+ divinatorius, as figured by Snodgrass 

: es 

et Ep ar ane (05). The mandibles (P) are of the 
dibles. C, labium, ventral view; ordinary, strong, heavy, biting type. 
p, palpus. (After Snodgrass.) The maxillz (m) consist each of a 
body piece, a weakly chitinized terminal lobe, and a four-jointed 
palpus. The paragnathus (f, f) is represented in the figure at A, 
with the maxilla; it lies above the maxilla and is, therefore, in its 
typical position between the maxilla and the mandible of the same 


*Corrodéntia: Latin corrodens, gnawing. 
(331) 
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side. Note that the figure is a ventral view, hence the paragnathus 
is represented as passing beneath the maxilla. The paragnatha have 


(ey, 
Fig. 379.—The wings of a psocid. 


been known as the furce maxillares. The labium (C) bears a pair of 
one-jointed palpi. 

The venation of the wings is distinctively characteristic in this order. 
The venation is more or less reduced; but its most characteristic 
feature is the bracing of the wing by anastomoses of the principal 


Fig. 380.—Fore wing of a full-grown nymph of a psocid. 


veins instead of by cross-veins. This is well shown by the wings of 
Psocus (Fig. 379). The determination of the homologies of the 
Wwing-veins in this insect was accomplished by a study of the trachea- 
tion of the wings of nymphs. Figure 380 represents the tracheation 
of a fore wing of a full-grown nymph of Psocus. 

There are no cross-veins in the wings of Psocus; the arculus (ar) 
in the fore wing is merely the base of media, and what appear as 


CORRODENTIA 303 


cross-veins in the central portion of the wing are sections of media 
and cubitus. In some genera, however, the radial cross-vein is present, 
and in some, instead of an anastomosis of veins M and Cu, these 
veins are connected by a medio-cubital cross-vein. 
_ The metamorphosis is gradual. The nymphs resemble the adults 
in the form of the body, but lack wings and ocelli in those species 
that are winged in the adult; in the wingless species the differences 
between the young and the adult are even less marked, 

The Corrodentia of the United States and Canada represent two 
families, which can be separated as follows. 


Ac. Wings well developed: ocetli present... . s:.c-0e%. ss oacdscaudes Psocip as 


Famity PSOCIDA 
The Psocids 


The family Psocida includes the more typical members of the 
Corrodentia, those in which the wings are well developed (Fig. 377). 
Usually the wings extend much beyond the end of the abdomen; but 
short-winged forms occurin species which ordinarily are long-winged. 
Of course the young of all are wingless, and there is a gradual develop- 
ment as the insect matures. The antennz consist of only thirteen 
segments; this will enable one to separate the immature forms from 
the Atropide, in which the antenne havea greater number of segments. 

The psocids occur upon the trunks and leaves of trees, and on 
stones, walls, andfences. They feed upon lichens, fungi, and probably 
other dry vegetable matter. They are sometimes gregarious. I have 
often seen communities of a hundred or more closely huddled together 
on the trunks of trees, feeding on lichens. 

The eggs are laid in heaps on leaves, branches, and the bark of 
trunks of trees. The female covers them with a tissue of threads. 
It is believed that both sexes have the power of spinning threads. 
The silk is spun from the labium. 

More than seventy species, representing eleven genera, have been 
described from our fauna. 


Famity ATROPIDA 
The Book-Lice and Their Allies 


The family Atropide includes small Corrodentia, which are 
wingless or possess only vestigial wings. The most commonly ob- 
served species are those known as book-lice, which are the minute 
soft-bodied insects often found in old books (Fig. 381). Of these the 
two following species are the best known. 

Tréctes divinatorius.—This is a wingless species which measures 
about r mm. in length; it is grayish white, with black eyes. 
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Atropos pulsatéria.—In this species the fore wings are represented 
by small convex scales; it is of a pale yellowish white color and is a 
little more than 1 mm. in length. 

Each of these species has been known as the death-watch, as they 
have been believed by superstitious people tomakea 
ticking sound that presaged the death of some person 
in the house where it is heard. It is not probable that 
such minute and soft insects can produce sounds 
audible to human ears. The sounds heard were prob- 
ably made by some wood-boring beetles, Anobiide, 
which are also known as the death-watch. 

Book-lice are found chiefly in damp, well-shaded 
rooms, not in general use. They do not attack man, 

Fig. 381.—A but feed upon dead vegetable and animal matter, as 

book-louse. the paste in book-bindings, wall-paper, and photo- 

graphs. They rarely occur in sufficient numbers to 

do serious injury. They can be destroyed by fumigating the infected 

room with hydrocyanic acid gas. This, however, should be used only 

by experienced persons. Ordinarily a prolonged heating and drying 
of the room will be sufficient to destroy them. 
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CHAPTER XVI 
ORDER MALLOPHAGA* 


The Bird-Lice 


The members of this order are wingless parasitic insects with chewing 
mouth-parts. Their development is without metamorphosis. 


The bird-lice resemble the true lice in form, being wingless, and 
having the body more or less flattened; certain species that infest 
domestic fowls are well-known examples. These insects differ from 
the true lice in having chewing mouth-parts. They feed upon feath- 
ers, hair, and dermal scales, while the true lice, which constitute the 
order Anoplura, have sucking mouth-parts, feed upon blood, and 
infest only mammals. 


The Mallophaga infest chiefly birds, and on this account 
the term bird-lice is applied to the entire group; a few genera, 
however, are parasitic upon mammals. Some writers term the Mallo- 
phaga the biting lice, which is a more accurate designation; but the 
name bird-lice is more generally used. 


The bird-lice are small insects. The more common species range 
from 1mm. to 5 mm. in length. The mouth-parts are on the under 
side of the head, the most anterior part of the head being a greatly 
enlarged clypeus;they are of the mandibulate type; and paragnatha 
(“‘furcee maxillares’’) have been found in several species (Snod- 
grass ’o0s5). There is a pair of “simple eyes” located in the lateral 
margins of the head. The structure of these eyes has not been de- 
scribed; but judging from their position they are probably degenerate 
ommatidia and not ocelli. The front legs are shorter than the others 
and are used to convey food to the mouth. 


There is an interesting correlation between the habits of these 
insects and the structure of their feet. The tarsi of those species 
that feed on mammals are one-clawed and fitted for folding against 
the tibiz; they are organs well adapted for clinging to hairs. Those 
species that feed on birds have two-clawed tarsi and are better fitted 
for running. The above distinction is not quite accurate, as a few 
two-clawed species feed on kangaroos, wallabies, and wombats. 


*Mall8phaga: mallos (uadbs), wool; phagein (payeiv), to eat. 


(335) 
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The accompanying figures represent some of our common species. 


his 
a 


Fig. 384.— = 


: Seah Trichodectes Pig. 28<.—Tri- 

Fig. 383.—Tricho- spheroceph- vee ie 

; decteslatus alus. (From Ving CEO 
Fig. 382.--Goniodes stylif- | (From Law.) Law.) aw.) 
er. (From Law.) : 


Goniodes stylifer (Fig. 382) infests turkeys; Trichodéctes latus (Fig. 
383), dogs; Trichodéctes spherocéphalus (Fig. 384), 
sheep; Trichodéctes scalaris (Fig. 385), domestic cat- 
tle; and Trichodéctes équi (Fig. 386), horses and asses. 
The eggs of the Mallophaga are glued to the 
hairs or feathers of their hosts. The development 
takes place on the body of the host and is without 
metamorphosis. The young are not so dark in color 
as the adults and the cuticula is less densely chitin- 
ized. The ametabolous condition of these insects is 
é believed to be an acquired one, a result of their 
; py, parasitic habits. 
yee 2 hie os i 2 The bird-lice are well known to most people who 
(From Law.) have pet birds or who keep poultry. It is to free 
themselves from these pests that birds wallow in 
dust. When poultry are kept in closed houses they should be provided 
with a dust-bath. All poultry houses should be cleaned at least twice 
a year, and the old straw burned. Sprinkling powdered sulphur in 
the nests and oiling the perches with kerosene will tend to keep the 
pests in check. If a poultry house becomes badly infected, it should 
be cleaned thoroughly, every part whitewashed, and the poultry dust- 
ed with either insect-powder or sodium fluoride. 


The Mallophaga is a small order. Professor V. L. Kellogg in his 
“Mallophaga” (Kellogg ’o8 b) estimates the number of known species 
to be 1250; these represent twenty-seven genera. But there are 
doubtless many species not yet discovered, as comparatively few . 
birds and mammals have been thoroughly searched for these pests. 


The work just quoted is the latest and most complete systematic 
treatise on this order. It followed a long series of papers on these 
insects published by this author. A more generally accessible ac- 
count of the species that have been found in North America is a 
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chapter in Professor Herbert Osborn’s ‘‘Insects Affecting Domestic 
Animals’”’ (Osborn ’96). 


The chief divisions of the order adopted by Kellogg (’o8 b) are as 
follows. 


A. With filiform, 3- or 5-segmented, exposed antenne; no maxillary palpi; 
MRAM GN NCGeViChtl CMa ope uci tei cgus «eraii a SUBORDER ISCHNOCERA 

B. With 3-segmented antenne; tarsi with one claw; infesting mammals. 

jpop heh aeRO Oe ae eee een FAMILY TRICHODECTID 

BB. With 5-segmented antenne; tarsi with two claws; infesting birds..... 
PPT ec tS, Pe tye tols hse SERRA Wale: a», ot VR FAMILY PHILOPTERIDA 

AA. With clavateor capitate, 4-segmented, concealed antennez; with 4-segmented 
maxillary palpi; mandibles horizontal. .......... SUBORDER AMBLYCERA 

B.  Tarsi with one claw; infesting mammals......... FAMILY GYROPIDA 
BB. Tarsi with two claws; infesting birds, excepting a few species that infest 
kangaroos. wallabies, and wombats.........++ FAMILY LIOTHEIDA 


CHAPTER XVII 
ORDER EMBIIDINA* 
The Embiids 


This order is composed of small and feeble insects in which the body 
is elongate and depressed. The winged members of the order have two 
pairs of wings, which are quite similar in form and structure; they are 
elongate, membranous, extremely delicate, and folded on the back when 
at rest; the venation of the wings 1s considerably reduced. The mouth- 
parts are formed for chewing. Cerci are present and consist each of two 
segments. The metamorphosis ts of a peculiar type. 


This is a small order of insects; Enderlein (’12 a) in his monograph 
of the Embiidina of the world lists only sixty-one species. The body 
is elongate and depressed (Figs. 387 and 388). Only the males are 
winged; and in some genera this sex also is 
wingless. The venation of the wings is re- 
duced; this reduction has been brought 


Fig. 387.—Embia sabulosa, male. (After En- Fig. 388.—Embia_ sabulosa, 
derlein.) female. (After Enderlein.) 


about both by the coalescence of veins and by the atrophy of veins. 
Eachof the veins of the wings extends along the middle of a brownband; 
between these bands the membrane of the wing is pale in color. The 
alternating brown and pale bands give the wing a very characteristic 


*Embiidina: Embiide, Embia, embios (uSios), lively. 
(338) 
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appearance (Fig. 389). In those forms where the venation of the wings 
has been reduced by the atrophy of veins, the brown bands persist 
after the veins have faded out; hence it is easy to determine by these 
bands the former position of veins that have been lost. A discussion 
of the venation of the wings of the Embiidina is given in my “The 
Wings of Insects.”’ 

_ The antenne are filiform and are composed of from sixteen to 
thirty-two segments. The compound eyes consist of many ommatidia, 


Fig. 389.—Fore wing of Oligotoma saundersi: A, the wing; B, outline of the wing 
showing the existing venation; C, outline of the wing showing the venation 
restored. (After Wood-Mason.) 


which are of the eucone type. Ocelli are always wanting. The 
mouth-parts are mandibulate; the maxillary palpi are five-jointed 
and the labial palpi three-jointed. The abdomen is composed of ten 
distinct segments and bears at its tip a pair of two-jointed cerct. 

Figure 387 represents the male of Ambia sabuldsa, with the wing 
of one side removed; and Figure 388, the female of this species. 

The metamorphosis is of a type intermediate between gradual and 
complete. This was shown by Melander (’o2 b), who studied the 
development of Hmbia texana. The young resemble the adults in 
the form of the body, except that the body is cylindrical instead of 
depressed; and the cuticula of the young is less densely chitinized 
and pigmented than is that of the adult. In the case of the females 
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and of those males that are wingless in the adult instar, it might be 
said that these insects develop without metamorphosis. But in the 
case of the winged males the development resembles that of insects 
with a complete metamorphosis in one important respect; that is, 
the development of the wings is internal until the penultimate molt 
is reached. Melander states that he sectioned the fully grown larva 
and found the wings as large invaginated pockets completely beneath 
the hypodermis. In the penultimate instar of the winged females 
there are well-developed, external wing-pads. This instar may well 
be termed a pupa. 

The embiids are very active insects both in running and in flight. 
They are often gregarious. They live in silken nests or galleries under 
stones or other objects lying on the ground, and burrow into the soil 
when the surface becomes too dry. Imms found in his studies of 
Embia majorin the Himalayas that maternal care on behalf of the ova 
and larve is strongly exhibited by the females, in much the same 

-manner as is known to occur among the Dermaptera. 

Writers differ as to the source of the silk of which the nests are 
made. Melander (’o2 a) and others have described glands in the 
metatarsi of the forelegs, which open through hairs, and have ob- 
served that in spinning its nest the insect uses its fore feet. But 
Enderlein maintains that the chief source of the silk is from glands 
that open through a spinneret on the labium, although the secretion 
of the metatarsal glands may play a part in the formation of the 
silken tissues. 

The embiids are widely distributed in the warmer parts of the 
world. A few species have been found in Florida, Texas, and 
California. 
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CHAPTER XVIII 
ORDER THYSANOPTERA* 
The Thrips 


The members of this order are minute insects with wings or wingless. 
The winged species have four wings; these are similar in form, long, 
narrow, membranous, not plaited, with but few or with no veins, and 
only rarely with cross-veins; they are fringed with long hairs, and in 
some species are armed with spines along the veins or along the lines 
from which veins have disappeared. The mouth-parts are formed for 
piercing and sucking. The tarst are usually two-jointed and are bladder- 
like at the tip. The metamorphosis is gradual, but deviates from the 
usual type. 


_ _ These insects are of minute size, rarely exceeding 2 mm. or 3 mm. 
in length. They can be obtained easily, however, from various flowers, 
especially those of the daisy and clover. Ordinarily it is only necessary 
to pull apart one of these flowers to find several thrips. They are in 
many cases very active insects, leaping or taking flight with great 
agility. In case they do not leap or take flight when alarmed, they 
are apt to run about and at the same time turn up the end of the 
abdomen in a threatening manner, as if to sting. In this respect they 
resemble the rove-beetles. ) 

The body is long (Fig. 390). The head is narrower than the thorax, 
without any distinct neck. The antennz are filiform or moniliform 
and consist of from six to nine segments; they 
are always much longer than the head and may 
be two or three times as long. The compound 
eyes are large, with conspicuous facets, which 
are circular, oval, or reniform in outline. Three 
ocelli are usually present in the winged forms, 
but sometimes there are only two ocelli; wing- 
less species lack ocelli. The mouth-parts are 
fitted for piercing and sucking; they are in the 
form of a cone which encloses the piercing or- 
gans. The cone is composed of the clypeus, 
labrum, maxillary sclerites, and labium. The 
piercing organs consist of the left mandible (the right mandible is 
vestigial) and the two maxilla. Each maxilla is composed, of two 
parts: first, the palpus-bearing maxillary sclerite; and second, the 
maxillary seta. For detailed accounts of the mouth-parts see Hinds 
(02) and Peterson (’15). The above statement regarding the mouth- 
parts is based on the paper by Peterson. The mouth-parts of the 
Thysanoptera bear a striking resemblance to those of the Hemiptera 


Fig. 390.—A thrips. 


*Thysandptera: thysanos (@icavos), fringe; pieron (wrepév), a wing. 
(341) 
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and the Homoptera, which are described in detail in later chapters. 

The three thoracic segments are well developed. The wings are 
laid horizontally on the back when not in use, they are very narrow, 
but are fringed with long hairs (Fig. 391), which, diverging in flight, 
compensate for the smallness of the membrane. The fringing of the 
wings suggested the name Thysanoptera, by which the order is known. 
The two longitudinal veins that traverse the disk of the wing in 
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Fig. 391.—Fore wing of 4lothrips nasturtit. (After Jones.) The lettering is original. 


the more generalized forms I believe to be the radius and the media 
respectively. The costal vein is continued by an ambient vein, which 
margins the entire preanal area of the wing (Fig. 391, am). The 
ambient vein is termed the ‘‘ring vein’”’ by writers on this order, al- 
though the term ambient vein has been long in use for veins in this 
position. There is a short longitudinal vein separating the anal and 
preanal areas; this is doubtless the anal vein (Fig. 391, A). An organ 
for uniting the two wings of each side, and consisting of hooked spines 
situated near the base of the wingsand a membranous fold on the under 
side of the anal area of the fore wing, is described byHinds (’o2). 

In some species one or both sexes are wingless in the adult state; 
and in others, short-winged forms occur. 

The legs are well developed, but are furnished with very peculiar 
tarsi. These are usually composed of two segments; the last seg- 
ment terminates in a cup-shaped or hoof-like end and is usually 
without claws. Fitted into the cup-shaped end of the tarsus there is 
a very delicate, protrusile, membranous lobe or bladder, which is 
withdrawn into the cup when not in use but is protruded when the 
tarsus is brought into contact with an object. This is one of the 
most distinctively characteristic features of the members of this order. 
It was this feature that suggested the name Physopoda which is ap- 
‘plied to this order by some writers.* 
°" The abdomen consists of ten distinct segments. The form of the 
‘caudal segments differs in the two suborders as indicated below. 

_ The manner of oviposition differs in the two suborders. In the 
Terebrantia the female cuts slits with her saw-like ovipositor and 
deposits her eggs singly in the tissue of the infested plant. In the 
Tubulifera it is evident that the eggs must be deposited on the surface. 


*Physopoda: physao (¢vedw), to blow up; pous (mods), a foot. 
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The metamorphosis of these insects is in some respects peculiar; 
but it conforms more closely to the paurometabolous type than to 
any other, the newly hatched young resembling the adult in the 
form of its body (Fig. 392, A) and in having similar mouth-parts and 
food habits. The first two or three instars have no external wings; 
these instars are commonly referred to as larve. The use of the term 
larva in this connection is not inappropriate if the wings are de- 
veloping internally during these early stadia. That this may be the 
case is indicated by the large size of the wing-pads when they first 


Fig. 392.—Immature forms of the citrus thrips: A, first larval instar; B, second 
larval instar; C, propupa; D, pupa. (After Horton.) 


appear externally. After the last larval molt the insect assumes a 
form known as the propupa (Fig. 392,C). This resembles the larva 
in form; the antennz are slender, and the insect is moderately active. 
Its most striking feature is the presence of large wing-pads, which 
extend at first to about the end of the second abdominal segment and 
increase in length somewhat during this stadium. With the next 
molt the insect becomes what is known as the pupa. In this stage 
the wing-pads are longer (Fig. 392, D), the antenne extend back 
over the head and prothorax, and the insect is quiescent. With the 
next molt the adult form is assumed. 

The different species of thrips vary greatly in habits, some being 
injurious to vegetation, while others are carnivorous, feeding on 
aphids and other small insects, the eggs of insects, and mites, es- 
pecially the “‘red spider.”” Their most important economic role, how- 
ever, is that of pests of cultivated plants. The thrips that infest 
plants puncture the tissue of the plant by their piercing mouth-parts 
and suck out the sap. 

The order Thysanoptera is divided into two suborders, which can 


be separated as follows: 


A. Female with a saw-like ovipositor; terminal abdominal segment of female 
conical; that of the male bluntly rounded................ TEREBRANTIA 

AA. Female without a saw-like ovipositor; terminal abdominal segment tubular 
TT DOUHNSEXES TD IGA Sica rane rt ytee Ser. ete nse TUBULIFERA 
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SUBORDER TEREBRANTIA* 


In this suborder the female has a four-valved, saw-like ovipositor; 
the terminal abdominal segment of the female is conical; that of the 
male bluntly rounded. Wings are usually present; the front wings 
are stronger than the hind wings and usually have more or less well- 
developed veins; the membrane of the wings is clothed with micro- 
scopic hairs. 

The members of this suborder are more agile than those of the 
other one. They run rapidly; and spring, by bending under the tip 
of the abdomen and suddenly straightening it out. 

This suborder includes two families. 


Famity HOLOTHRIPIDA 


In this family the wings are comparatively broad. Each fore 
wing has two longitudinal veins extending from its base to near the tip, 
where they unite 
with a prominent 
ambient vein <= 
on each ae J ao. 
of the tip (Fig. SS3itsseem RRA RAM 
391);four or five WO WS SWS NS 
cross-veins are AN WS 
present in each NN \ 
fore wing, in SY 
‘ ome species 

Pigs. 63) in : 4 : ie 
ae h iso TORE Fig. 393. aye bol ee arizone. 
veins are want- 


ing (Fig. 391). The ovipositor is upcurved. 

Comparatively few species belonging to this family have been 
found in our fauna; the best-known one is the following. 

The banded thrips, 4dlothrips fasciatus —This species is widely 
distributed both in this country and in Europe. The adult is yellow- 
ish brown to dark brown in color, with three white bands on the wings, 
one at the base, one in the middle, and one at the tip. The larva is 
yellow with the abdomen deeper orange behind. ‘This species infests 
many plants; it is common in the heads of red clover. 


Famity THRIPIDA 


In this family the wings, when present, are usually narrow and 
pointed at the tip. The radius and cubitus of the front wings, when 
present, usually coalesce for about one third their length, so that 
cubitus appears to be a branch of radius. The ovipositor is down- 
curved. 

To this family belong most of the species of thrips that have at- 
tracted attention on account of their economic importance. The 
better-known of these are the following. 


*Terebrantia: terebro, to bore through. 
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The onion thrips, Thrips tabaci.—This is a serious pest of the onion. 
It is found on the bulbs in loose soil and at the axils of leaves, causing 
the disease known as white blast on account of the whitish appearance 
of the infested fields. Although called the onion thrips, it infests a 
great variety of plants. 

The greenhouse thrips, Heliothrips hemorrhoidalis—This is a 
tropical insect, which is often a serious pest in greenhouses; it is also 
found out of doors in the milder California climate. Drops of a 
reddish fluid which turns black cover the infested leaves. 

The bean thrips, Heliothrips fasciatus —This is a serious pest on 
oranges, alfalfa, pear trees, and various garden crops in California. 

The orange thrips, Euthrips citri—This is a serious orange pest in 
California and Arizona; it deforms the new growth of foliage and causes 
scabbing and scarring of the fruits. 

The pear thrips, Euthrips pyri.—This thrips infests pears, prunes, 
péaches, and other deciduous fruits, both in California and in the 
East. It infests the opening buds and blossoms, stunting the leaves 
and blasting the blossoms. 

The tobacco thrips, Euthrips fuscus.—This is a destructive enemy 
of shade-grown tobacco causing the injury known as white vein. 
The white veins of the leaves show in the wrapper when manufactured 
into cigars. 

The strawberry thrips, Euthrips tritict—This species was first 
described as a pest of wheat, hence its specific name; but on account 
of its extensive injury to the flowers of strawberry it isnow known as 
the strawberry thrips. It is found in the flowers of almost all wild 
and cultivated plants and is the commonest and most widely distribut- 
ed of all American species of thrips. 

The grass thrips, Anaphothrips striatus.—This species infests June 
grass, timothy, and other grasses by destroying the heads of the 
infested plants. The young insect pierces the stem just above the 
upper node, where it is tender, causing it to shrivel and all the parts 
above the injury to die. The dead and yellow heads of grasses thus 
destroved can be seen in early summer everywhere in grass-growing 
regions. This disease is known as silver-top. 

ContTroL.—Thrips are destroyed in those cases where it is prac- 
ticable to spray the infested plants by the use of contact poisons, such 
as nicotine or kerosene emulsion, and soap solution. Detailed di- 
rections for making and applying these sprays are given in many 
published bulletins and in special text-books. The burning of old 
grass in early spring would probably destroy the hibernating grass 


thrips. 
SuBORDER TUBULIFERA* 


In this suborder the female is without a saw-like ovipositor and 
the terminal abdominal segment is tubular in both sexes. The wings 
are usually present; the fore pair only with a single vestigial, longi- 


*Tubulifera: tubulus, a little tube; fero, to bear. 
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tudinal vein; the membrane of the wings is not clothed with micro- 
scopic hairs. This suborder includes a single family. 


Famity PHL@OTHRIPIDAL 


The members of this family are, as a rule, considerably larger and 
more powerfully formed than the Terebrantia, some of them being 
the giants of the order. They live usually in secluded places, as be- 
tween the parts of composite flowers, under the bark of trees, on the 
underside of foliage, in galls, moss, turf, fungi, etc. Their movements 
are very deliberate and they never run or spring (Hinds ’o2). 

Nearly as many species and genera of this family have been found 
in this country as of the other suborder; but this family appears to 
be of much less economic importance than is the Thripidae. One 
species, Aleuréddothrips fasciapénnis, whichis common in Florida, feeds 
on the eggs, larve, and pupe of the citrus white fly, Dialeurodes citri. 


aes 
aes 


CHAPTER XIX 
ORDER ANOPLURA* 
The True Lice 


The members of this order are wingless parasitic mmsects with piercing 
and sucking mouth-parts. Their development is without metamorphosis. 


_ The order Anoplura is composed of the true lice. These are small 
Wingless insects, which live on the skin of mammals and suck their 
blood. They are sharply distinguished from the Mallophaga or bird- 
lice by the possession of piercing and sucking mouth-parts. The most 
familiar examples of the Anoplura are three species that infest man 
and several species that are found on domestic animals. 

The name Siphunculata was proposed for this order by Meinert 
in 1891 and is now used by some authors; but the name Anoplura is 
much the older name, having been proposed by Leach in 1815, and 
is more generally used. 

The body is more or less flattened (Fig. 394). The head is free 
and horizontal. The compound eyes are vestigial or are wanting. 
There are no ocelli. The antenne are three-, four-, or five-jointed. 
The mouth is furnished with a fleshy, unjointed proboscis, which can 
be withdrawn into the head or extended to a considerable length. 
Within this proboscis are two knife-like stylets; and at its base, 
when extended, there is a wreath of recurved hooks. These hooks 
serve to anchor firmly the proboscis when inserted in the skin of the 
infested animal. Authors do not agree as to the homologies of the 
different mouth-parts of these insects. 

The thoracic segments are fused. The legs are similar; the tarsi 
consist of a single segment, which is often greatly reduced. There is 
a single tarsal claw, which is opposed by a toothed projection of the 
tibia, forming an efficient organ for clinging to the hairs of the host. 
The abdomen consists of nine segments; there are no cerci. 

The eggs of the true lice are commonly known as “nits.” They 
are attached to the hairs of the host by a glue-like substance. The 
young lice resemble the adults except in size. As with the Mallophaga, 
the ametabolous condition of these insects is believed to be an ac- 
quired one, a result of their parasitic life. 

This is a small order. Daila Torre (’08) in his monograph of the 
Anoplura of the world lists only sixty-five species. These represent 
fifteen genera, which are grouped in four families. The two following 
families include all of the species that infest man and the common 
domestic animals. 


*Anoplira: anoplos (dvordos), unarmed; oura (ovpd), tail. 
(347) 
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Famity PEDICULID 


In this family the eyes are comparatively large, convex, and dis- 
tinctly pigmented; and the proboscis is short, hardly reaching the 
thorax. Here belong the three well-known species of lice that are 
parasites of man. These are the following. 

The head-louse, Pediculus capitis —This is the most common 
species infesting man. It lives in the hair of the head, and is most 
common on the heads of neglected children. Under ordinary circum- 
stances, cleanliness and the use of a fine-toothed comb are all that is 
necessary to insure freedom from this disgusting pest. But sometimes 
adults of most cleanly habits become infested by it. It can be 
destroyed by the use of tincture of larkspur or a larkspur lotion, 
which can be obtained from druggists. 

The body-louse, Pediculus corporis —This insect lives upon the 
skin of most parts of the body, but especially on the chest and back. 
It is often troublesome on ships, in military camps, in prisons, and 
in the apartments of uncleanly people who neglect to change their 
clothes. It-was a terrible scourge during the World War, when troops 
were obliged to live under most unsanitary conditions in trenches and 
camps. The female attaches her eggs to fibers in the seams of under- 
garments, from which the young hatch in about a week. This species 
is exceedingly prolific. It and.the preceding species transmit several 
human diseases, including typhus fever, trench fever, and relapsing 
fever. 

The method of destroying these vermin commonly employed in 
hospitals and poorhouses is to rub mercurial ointment in the seams 
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Fig. 394.—The short- 
nosed ox-louse. (From 
Law.) 
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Fig. 395.—The horse- oa on Ee 
louse. (From Law.) 


of undergarments. During the World War much attention was de- 
voted to the problem of control of this pest and hundreds of papers 
were published on this subject. It has been found that both the lice 
and their eggs are destroyed by the ordinary laundering process used 
in washing clothes. 
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The crab-louse, Phthirius pubis —The common name of this spe- 
cies is suggested by the form of the body, which is nearly as broad as 
long. When highly magnified, the resemblance of this insect to a 
crab is quite striking; but to the unaided eye it appears morelikea 
large scale of dandruff. These offensive vermin affect the pubic 
region and armpits of man, stretching themselves out flat, holding 
tight to the cuticle, and inflicting most irritating punctures. They 
can be destroyed by mercurial ointment. 


Famity HAMATOPINIDA® 


In this family the eyes are vestigial or wanting and the proboscis 
is very long. Here belong the true lice that infest our common domes- 
tic animals; the more important of these are the following. 

The short-nosed ox-louse, Hematopinus eurystérnus (Fig. 394). 

The horse-louse, Hematopinus dsint (Fig. 395). 

The hog-louse, Hematopinus suis (Fig. 396). 

The long-nosed ox-louse, Lindgnathus vituli (Fig. 397). 

The dog-louse, Lindgnathus piliferus (Fig. 398). 

For the destruction of these pests upon cattle, poisonous sub- 
stances must not be used, as injury would result from theanimals 
licking themselves. They 
may be safely treated by 
washing with a strong in- 
fusion of tobacco leaves, or 
by rubbing with an oint- 
ment made of one part sul- 
phur and four parts lard, or 
by sprinkling with Scotch 
snuff or powdered wood- 
ashes. Stavesacre lotion 
and larkspur lotion are also 
used. The insecticide should 
be applied thoroughly, 
leaving no spot untouched 
Fig. 397. — The where the lice can gather 

long-nosed ox- andremainandfrom which Fig. 398.—The_ dog- 

louse. (From they can spread over the louse. (From Law.) 

Law.) body again. The applica- 
tion should be repeated several times at intervals of three or four days, 
in order to destroy the young which may hatch after the first applica- 
tion. It is also necessary, in order to make sure of eradicating the 
pests, to dress with similar agents, or with strong lye or kerosene, all 
places where the cattle have been in the habit of rubbing, and the 
cracks in the stables where they have stood; or to whitewash the 
stables and rubbing-places. 

For a more extended account of the true lice found in North 
America, see Professor Herbert Osborn’s “Insects Affecting Domestic 


Animals,” pp. 164-188 (Osborn ’96). 


CHAPTER XX 


ORDER HEMIPTERA* 


The True Bugs 


The winged members of this order have four wings; the first pair of 
wings are thickened at the base, with thinner extremities which overlap 
on the back. The mouth-parts are formed for piercing and sucking; the 
beak arises from the front part of the head. The metamorphosis ts gradual. 


People who know but little regarding entomology are apt to apply 
the term bug to any kind of insect; but strictly speaking, only mem- 
bers of the order Hemiptera are bugs. 

The bugs are very common insects. Many species abound on grass 
and on the foliage of other plants; some species live on the surface of 
water; others live within water; and a few are parasitic on birds and 
mammals. 

This order is a very important one; it includes many species in- 
jurious to vegetation; among these are some of our more important 
pests of cultivated plants. On the other hand, some of the species 
are ranked among beneficial insects on account of their predacious 
habits; for many of them feed upon noxious insects. 

The name Hemiptera was suggested by the form of the front 
wings. In these the basal half is thickened so as to resemble the 
elytra of beetles, only the terminal half being wing-like. The hind 
wings are membranous, and are folded beneath the front wings. On 
this account the front wings are often termed wing-covers; they are 
also termed hemelytra, a word suggested by their structure. 

Formerly, when the Homoptera was included in the order Hemip- 
tera, the true bugs constituted the suborder Heteroptera; this name 
indicated the remarkable difference in the texture of the two pairs of 
wings of the true bugs and served to contrast this condition with that 
found in the Homoptera, where the two pairs of wings are usually 
similar in structure. 

In the Hemiptera the front wings present characters much used 
in the classification of these insects; and consequently special names 
have been applied to the different partsofthem The thickened basal 
portion is composed of two pieces joined together at their sides; one 
of these is narrow and is the part next to the scutellum when the 
wings are closed; this is distinguished as the clavus (Fig. 399, cl); the 
other part is the cortum (Fig. 399, co). The terminal portion of the 
front wing is termed the membrane (Fig. 399, m). In certain families, 
the Anthocoride for example, a narrow piece along the costal margin 
of the wing is separated by a suture from the remainder of the 


*Hemiptera: hemi- (ju), half; pteron (wrepév), a wing. 

The order Hemiptera as now restricted includes only one of the suborders of 
the old order Hemiptera, the suborder Heteroptera. The following order, the 
Homoptera, was formerly regarded asa suborder of the Hemiptera. 


(350) 
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corium; this is the embolium (Fig. 400, e). In certain other cases, as 
the Miride for example, a triangular portion of the terminal part of 


Fig. 399.—Diagram of a front wing of Fig. 400.—Diagram of a front wing of 
a bug: cl, clavus; co, corium; m, an anthocorid: e, embolium. 
membrane. 


the corium is separated as a distinct piece; this is the cuneus (Fig. 
401, Cu). 

The wings of the Hemiptera exhibit remarkable departures from 
the primitive type of wing-venation. So great are these that, at 
first, one sees very little in com- 
mon between the wings of a 
bug and those of insects of any 
other order. But an examina- 
tion of the tracheation of the 
wings of nymphs of bugs shows 
that these wings are merely 
modifications of the primitive 
type of insect wings. This is 
more obvious in some families 
than in others; it is well shown Fig. 401.—Diagram of a front wing of a 
in the tracheation of a fore tid: cu, cuneus. 
wing of a pentatomid nymph 
(Fig. 402). 

The head in the Hemiptera varies greatly in form in the different 
families; but the accompanying figures of the head of one of the 
Belostomatide, Lethocerus (Figs. 403 and 404), will serve to illustrate 
the position and form of the parts that are commonly referred to in 
descriptions of members of this order. 

There are two factors which make difficult the determination of 
the areas of the surface of the head in these insects that have been 
recognized and defined in the more generalized insects (see pages 37 
to 40): first, in some cases the sutures that limit these areas in the 
more generalized insects are here obsolete; second, the basal part of 
each mandible and of each maxilla enters into the composition of the 
wall of the head. 

A similar modification of the head and mouth-parts exists in the 
Homoptera, and the students of the Hemiptera should study the 
relations of the mouth-parts to the head-capsule in that order, where 
they are more easily seen than in the Hemiptera. 
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An important feature of the head in the Hemiptera is the extended 
development of the gular regions, which results in the beak being 


heals 


‘Fig. 402.—Tracheation of a fore wing of a pentatomid nymph. 


borne by the front part of the head. This contrasts strongly with the 
condition found in the Homoptera, where the gula is so reduced that 


Fig. 403.—Head of Leinocerus, dorsal Fig. 404.—Head of Lethocerus, ventral 
aspect. aspect, 


the beak arises from the hind part of the lower side of the head. 
In Lethocerus the occiput (Fig. 403, 0) is separated from the vertex 
by a distinct transverse suture. The vertex (Fig. 403, v, v) is very 
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short on the middle line of the body but is much longer on each side 
next to the compound eye; the epicranial suture is very indistinct in 
the adult. In those bugs in which the paired ocelli are present they 
are borne by the vertex. Immediately in front of the vertex is the 
front or frons (Fig. 403, f). The clypeus is a narrow, elliptical sclerite 
which is well defined (Fig. 403, c). Some writers on the Hemiptera 
and Homoptera term the clypeus the tylus; but, for the sake of 
uniformity, the use of this name should be discontinued. 


The four regions of the head referred to in the preceding paragraph, 
the occiput, the vertex, the front, and the clypeus, are easily homol- 
ogized with the corresponding regions in the more generalized insects. 
We will now consider certain modifications of the structure of the 
wall of the head that are correlated with the development of the type 
of mouth-parts characteristic of the Hemiptera and Homoptera. 

On either side of the clypeus there is what appears to be a pro- 
longation of the front. In Lethocerus (Fig. 403, x, x), each of these 
prolongations extends about half the length of the clypeus and 
bounds the eye in front. It is believed that each of them represents 
the basal part of amandible; they are termed, therefore, the mandibu- 
lar sclerites. In some Homoptera the mandibular sclerites are dis- 
tinct; this condition exists in the head of a cicada figured in the next 
chapter (Fig. 463). The mandibular sclerites were so named by 
Smith (’92), who first recognized that they pertain to the mandibles. 
Before that time several different names were applied to them, which 
are still in use by some writers; these are juge, lore, and fulcra. 

In Lethocerus there is a pair of sclerites in front of the mandibular 
sclerites and bounding the distal end of the clypeus; each of these is 
the basal part of a maxilla; for this reason they are termed the 
maxillary sclerites (Fig. 403, y, vy) In Lethocerus the tips of these 
sclerites meet on the dorsal wall of the head covering the tip of the 
clypeus. 

On the ventral aspect of the head, the gula occupies the median 
area (Fig. 404, gu); and the gene, the lateral areas (Fig. 404, ge). 
In each gena there is a deep groove in which the very remarkable 
antenna rests. 

At the front end of the ventral wall of the head there is a pair of 
sclerites, each of which is articulated with a maxillary sclerite; these 
are known as the buccule and are believed to represent the maxillary 
palpi (Fig. 404, bu). In Lethocerus the caudal margin of each buccula 
is solidly joined to the front end of the gula. 

From the above account it can be seen that only a portion of 
the mouth-parts enters into the constitution of the beak. The beak 
consists of the following parts: the labrum, the labium, and four very 
slender lancet-like organs enclosed in the labrum and labium, the 
mandibular sete and the maxillary sete. 

The labrum is joined to the distal end of the clypeus; in Lethocerus 
the base of the labrum is covered by the maxillary sclerites, where 
they overlap the tip of the clypeus, and its distal end extends into the 
furrow of the labium, but the intermediate portion is exposed 
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(Fig. 403, 1). It is a slender, pointed, transversely striated organ. 
The Icoium.constitutes the most prominent part of the beak; in 


Fig. 405.—Last segment of 
the beak of Lethocerus, 
with sete projecting: md, 
mandibular seta; mx, 
maxillary seta. 


most Hemiptera it consists of four segments; 
but in several families it is reduced to three 
segments. At the distal end of the third 
segment in Lethocerus and some other aquatic 
Hemiptera there is a pair of small append- 
ages, each of which consists of a single seg- 
ment (Fig. 403, lp); these were described 
by Leon (’97) as vestiges of the labial palp1.* 
The dorsal surface of the labium is deeply 
grooved, forming a channel which encloses 
the mandibular and maxillary sete. The 
labium is not a piercing organ; its function 
is to protect and direct the sete and to de- 
termine, by means of tactile hairs at its tip, 
the place where the puncture should be made 
by the setz (Fig. 405, 2). 

The mandibular sete and the maxillary 
sete are four slender, lance-like organs 
which arise within the head-capsule and pass 
out from the head through a furrow in the 
lower side of the la- 
brum and extend in 
a furrow on the upper 


m 
side of the labium to SS 
the tip of this organ, 
from which they are fe 
pushed out when not 
in use (Fig. 405). As Way 
the four seta emerge SE 
from the head they 


lie side by side; the 


outer pair are the mandibular setz, the inner Fig. 406.—Cross-section 


pair themaxillary sete. Fartherfromthehead °F, the setze of Anasa 


the maxillary setze become twisted so that one 
of them lies above the other. Figure 406 repre- 
sents a cross-section of the setae of a squash- 
bug as figured by Tower (’14); the sete are 
fastened together by interlocking grooves 


tristis: md, mandibular 
sete; m, maxillary se- 
teesajGstood canall-ase. 
salivary canal. (From 
Tower.) 


*There has been much discussion regarding the homologies of the parts of the 
labium in the Hemiptera and the Homoptera. The early entomologists believed 
that the lower lip of bugs was composed of the labiumand the grown-together 
labial palpi; but this view is no longer held. Leon, who published a series of 
papers on the labium of aquatic bugs, believes that the first two segments of the 
labium consists of the submentum and the mentum; the third segment, of the 
palpiger, which bears vestiges of the labial palpi; and the fourth segment, of the 
remainder of the ligula. Heymons (99) argues at great length against the con- 
clusions of Leon. He believes that the segmentation of the labium is merely the 
result of secondary divisions of this organ and that labial palpi do not exist in the 


Hemiptera and Homoptera. 
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and ridges; and between the maxillary seta are two canals, the upper 
one (fc) for the passage in of food, the lower one (sc) for the passage 
out of saliva. The tip of the mandibular setz are barbed (Fig. 405, 
md); their function is that of piercing the tissue fed upon and holding 
the sete in place; while the tips of the maxillary sete, which are acute 
and fluted, probe the tissue, take up the fluid food, and eject the saliva. 

Within the head each seta is connected with a chitinous lever, or 
with a series of two levers which in turn articulate with the head- 
capsule; the in-and-out move- 
ments of the seta are produced 
by muscles extending from the 
head-capsule to them and to 
the levers connecting them 
with the wall of the head. Fig- 
ure 407 represents the articu- 
lation of a mandibular seta of 
a squash-bug, as represented 
by Tower; and in the next 
chapter the relations of both 
the mandibular sete and the 


maxillary sete to the head- Fig. 407.—Articulation of a mandibular 
: : seta with the wall of the head: md, man- 

capsule ee = cicada are fep: dibular seta; a and 8}, chitinous levers; g, 
resented (Fig. 465). wall of the head; rm, retractor muscles; 
Correlated with the de- pm, protractor muscle. (From Tower.) 


velopment of the hemipterous 

type of mouth-parts there is a remarkable specialization of the phar- 
ynx, which fitsit as a sucking organ, and the development of an 
organ for forcing out the saliva, which is known as the salivary pump. 
A detailed account of these organs is given by Bugnion and Popoff 
Crm): 

Most of the Hemiptera protect themselves by the emission of a 
disagreeable odor. In the adult stink-bugs (Pentatomide) this is 
caused by a fluid which is excreted through two openings, one on 
each side of the ventral aspect of the thorax, behind or near the middle 
coxa. These openings are termed the osteoles. Each of these is 
usually in some kind of an open channel styled the osteolar canal, 
and this is surrounded by a more or less rugged and granulated 
space, the evaporating surface. In the nymphs the stink-glands 
open on the dorsal aspect of the abdomen. In the bedbug (Cimex), 
the stink-glands open in the dorsal wall of the first three abdominal 
segments. The legs of the Hemiptera vary greatly in form, but the 
tarsi are rarely more than three-jointed. The lateral margin of the 
abdominal segments is much developed in several families, and forms 
a flat, reflexed or vertical border to the abdomen, which is called the 
connexivum. 

In the Hemiptera the metamorphosis is gradual; the newly 
hatched young resembles the adult in the form of its body but lacks 
wings. After one or two molts the wing-buds appear and become 
larger and larger at successive molts. With the last molt there takes 
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place a great expansion of the wings, the change at this time being 
much greater than at either of the previous molts. There are many 
forms in this order in which wings are not developed. In some 
species all individuals are wingless; in others there are two forms of 
adults, the winged and the wingless. 

In this order we find variations in structure which correspond 
closely with variations in habits. There are certain families the 
members of which are truly aquatic, living within the water, through 
which they swim and to the surface of which they come occasionally 
for air. There are others which are truly terrestrial, living upon the 
surface of plants, or in other positions away from water. There are 
still other families the members of which hold an intermediate position 
between the aquatic and the terrestrial forms, living upon the surface 
of water or in marshy places. 

In the systematic arrangement of the families of the Hemiptera 
adopted here the aquatic forms are placed first; the terrestrial forms, 
last; and the semiaquatic forms hold an intermediate position, The 
sequence of the families is more fully indicated in the following 
synopsis. 


SYNOPSIS OF FAMILIES 


THE SHORT-HORNED Bucs. Bugs with short antenne, which are nearly or quite 
concealed beneath the head. 

Bugs that live within water. 

The Water-boatmen, Family CorIxIpD&. p. 360. 

The Back-swimmers, Family NOTONECTIDA. p. 362. 

The Water-scorpions, Family NEPIDA. p. 364. 

The Giant Water-bugs, Family BELOSTOMATID&. p. 365. 

The Creeping Water-bugs, Family NAucoRIDA. p. 367. 
Bugs that live near water. 

The Toad-shaped Bugs, Family GELASTOCORID&. p. 368. 

The Ochterids, Family OCHTERID&. p. 368. 

THE LONG-HORNED Bucs. Bugs with antenne at least as long as the head, and 
prominent except in the Phymatide, where they are concealed under the 
sides of the prothorax. 

The Semi-aquatic Bugs. 
The Shore-bugs, Family SALDID&. p. 369. 
The Broad-shouldered Water-striders, Family VELIIDA. p. 369. 
The Water-striders, Family GERRIDH. p. 370. 
The Mesoveliids, Family MESOVELIID&. p. 372. 
The Hebrids, Family HEBRIDA. p. 372. 
The Water-measurers, Family HYDROMETRIDA. p. 373. 
The Land-bugs. 
The Land-bugs with four-jointed antenne. 
The Schizopterids, Family SCHIZOPTERIDA. p. 373. 
The Dipsocorids, Family Dipsocoripa#. p. 374. 
The Isometopids, Family ISoMETOPIDA. p. 374. 
The Leaf-bugs, Family Mririp&. p. 375. 
The Termatophylids, Family TERMATOPHYLIDA. p. 377. 
The Flower-bugs, Family ANTHOCORIDA. p. 377. 
The Bedbugs, Family Crmicipa&. p. 378. 
The Many-combed Bugs, Family PoLYCTENIDE. p. 379. 
The Nabids, Family NABIDa&. p. 380. 
The Assassin-bugs, Family REDUVIIDH. p. 380. 
The Ambush-bugs, Family PHyMatipa&. p. 382. 
The Unique-headed Bugs, Family ENICOCEPHALID. p. 383. 
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The Lace-bugs, Family Tincmpa. p. 384. 
The Cotton-stainer Family, Family PyRRHOCORIDA. Pp. 385. 
The Chinch-bug Family, Family Lycaipa. p. 386. 
The Stilt-bugs, Family Nerpip&. p. 388. 
The Flat-bugs, Family ARADID&. p. 388. 
The Squash-bug Family, Family Corea. p. 389. 
The Land-bugs with five-jointed antenne. 
The Stink-bug Family, Family PENTATOMID™. p. 390. 
The Burrower-bugs and the Negro-bugs, Family Cypnipa&. p. 391. 
The Shield-backed-bugs, Family ScUTELLERIDEH. p. 392. 


TABLE FOR SEPARATING THE FAMILIES OF THE HEMIPTERA 


A. Antenne shorter than the head, and nearly or quite concealed in a cavity 
beneath the eyes. 
B. Hind tarsi with indistinct setiform claws (except in Plea, of the family 
Notonectidz, which is less than 3 mm. in length). 
C. Fore tarsi consisting of one segment, which is flattened or shovel-shaped, 
and without claws; head overlapping the prothorax dorsally. p. 360. 


BS ie Saati Ree tee ee ee ee Nae oe cia CORLXID AL 
CC. Fore tarsi of the usual form, and with two claws; head inserted in the 
PLOGNOTA aE Do G02 ener ee are MAS eintetee sees NOTONECTID 


BB. Hind tarsi with distinct claws. 
C. Ocelli absent; bugs that live within water. 
Membrane of the hemelytra with distinct veins. 
E. Caudal appendages of the abdomen long and slender; tarsi one- 


SEP IMEMUCC c: Dep SOA somes ete eect i wereayoes SAGE aie ara ates NEPID2& 
EE. Caudal appendages of the abdomen short, flat, and retractile; 
bars! pWwO-segmented., py 3054.26 - =e sense BELOSTOMATIDAS 


DD. Membrane of the hemelytra without veins. p. 367..NAUCORID& 
CC. Ocelli present; bugs that live on shores of streams and ponds. 

D. Fore legs stout, fitted for grasping; antennz concealed. p. 368. 

2 Liat Plc tea ae ie Pee PRON rR oti NP Pe 5 SARE GELASTOCORIDA 

DD. Fore legs slender, fitted for running; antennz exposed. p. 368. 

“SS ERAN HTM POORER AI RO I te EO OCHTERID 

AA. Antenne at least as long as the head, usually free, rarely (P hymatida) 

fitting in a groove under the lateral margin of the pronotum. 

B. Body linear; head as long as the three thoracic segments. p. 373. 

5 hs SORES ERS nS a.c Hage SIO Gs CORO nO Io HYDROMETRID 

BB. Body of various forms, but, when linear, with the head shorter than the 

thorax. 

C. Last segment of the tarsi more or less split, and with the claws of at 
least the front tarsi inserted before the apex. 

D. Hind femora extending much beyond the apex of the abdomen; 
intermediate and hind pairs of legs approximated, very distant 
from the front pair; beak four-jointed. p. 370...... GERRIDA 

DD. Hind femora not extending much beyond the apex of the ab- 

domen; intermediate pair of legs about equidistant from front 
and hind pairs (except in Rhagovelia); beak three-jointed. 
iS {SO Ro: 6 ceo PEE ied PO eee Ob rade nro en occ ee VELUDA 
CC. Last segment of the tarsi entire, and with the claws inserted at the 
apex. 
D. Antenne four-jointed.* 
E. Hemelytra resembling network, and very rarely with any dis- 
tinction between the corium and the membrane. p. 384. 
Be oldie rere eed ith ie che te ot ern oes een Tere TINGIDA 
EE. Hemelytra of various forms or absent, but not of the form 
presented by the Tingide. 


~~ *In certain families there are minute intermediate joints between the principal 
joints of the antenne; for the purposes of this table, these intermediate joints 


are not-counted. 
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F. Beak three-jointed. : 
G. Hemelytra when well-developed with an embolium (Fig. 
408); those forms in which the adult has vestigial 
hemelytra have no ocelli. : 
H. Hemelytra vestigial; parasitic bugs preying on man, 


batsmand! bindSa ape emernet etait CIMICID2 
HH. Hemelytra usually well developed; not parasitic 
bugss e037 acre ee tse ee ANTHOCORID 


UE 
GG. Hemelytra when well developed without an embolium; 
those forms in which the adult has vestigial hemely- 
tra have ocelli. 
H. Ocelli wanting. 
I. Body greatly flattened. p. 388........ ARADIDA 
II. Body not greatly flattened. p. 380.. REDUVIID& 


HH. Ocelli present, though sometimes difficult to see. 

Antenne whip-like, the first two segments 

short and thick, the third and fourth long and 

very slender and clothed with long hairs, the 

third segment thickened towards the base. 

J. Head when viewed from above wider than long, 
strongly deflexed; beak short. p. 373. 

EP ao 0.5 han bitin ent Mean ote d SCHIZOPTERID 

JJ. Head extended horizontally or slightly de- 

flexed; beak long. p. 374... DIPSOCORIDA 


II. Antenne not of the form described above. 
J. Beak long, reaching to or beyond the inter- 
mediate coxe. 
K. Membrane of hemelytra with looped veins. 
Dies BOO «ss hoe eas pies ounces en Tet SALDID 
KK. Membrane of hemelytra without veins. 
L. Hemelytra with the clavus similar in 
texture to the membrane (Fig. 409). 
DoQ 72a tiat seus ears HEBRIDZ 
LL. Clavus and membrane distinct. p. 
EY Pe UE ee Ae e MESOVELIID 
JJ. Beak not reaching the intermediate coxa. 
K. Front legs with greatly thickened fem- 
OLAs, ie go2c once PHYMATIDA 
KK. Front femora somewhat thickened, 
but much less than half as wide as 
Keyaleay oly Selo oa edare aioe REDUVIIDA& 
PF, Beak four-jointed. 
G. Front legs fitted for grasping prey. 
H. The fore tarsi, which are one-jointed, capable of be- 
ing closed upon the end of the broad tibiz. p. 383. 
seus aye ee, cael Mis CuLLOe Oicysas Ny SORES: ENICOCEPHALIDA 
HH. The fore tibiz armed with spines andcpable of 
being closed tightly upon the femora, wahich are 
stout. In the forms with long wings the mem- 
brane is usually furnished with four long veins 
bounding three discal cells which are often open. 
From these cells diverge veins which form sev- 
eral marginal cells (Fig. 410). p. 380..NABID& 
GG. Front legs fitted for walking. 

Hemelytra with a cuneus; membrane with one or 
two closed cells at its base, otherwise without 

veins (Fig. 411). 

I. Ocelli wanting. 
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K. Tarsi furnished with an arolium. p. 375. 


SARA ON ERT ORS UG ak Uc otek oR aoe Re MiriIpa& 
KK. Tarsi without an arolium., p.377...... 
Edythe Ha APO OTR Om Roc ned TERMATOPHYLIDAS 
ii Ocellicorescntens pens 74 meee ISOMETOPIDA 


HH. Hemelytra without a cuneus; membrane with 
four or five simple or anastomosing veins aris- 
ing from the base, or with a large number of 
veins arising from a cross-vein at the base. 


I. Ocelli waating. 
J. Exceedingly flat bugs, p. 288......ARADIDa 


JJ. Rather stout and heavily formed bugs. p. 
385 Metastasis phones am sie sac PYRRHOCORIDAB 


Il. Ocelli usually present. 


J. Head with a transverse incision in front of 
the ocelli, which are always present (Fig. 
HBR g Nomeisksiene > da mac one Renee NEIDID& 


JJ. Head without transverse incision. 


K. Membrane with four or five simple veins 
arising from the base of the membrane, 
the two inner ones sometimes joined to 
a cell near the base (Fig. 413). p. 386. 
22 aust is nea itucreie Soa ener LYG&IDA 

KK. Membrane with many, usually forked 

veins, springing from a transverse 
basal vein (Fig. 414). p. 389.... 
Se SPW csi ai o'eakt COREID 


HHH. Hemelytra vestigial; parasitic bugs preying 
CUMOEISS HOM Syn on c.o0 6. ciate POLYCTENIDAS 


DD. Antenne five-jointed.* 


E. Hemelytra with the clavus similar in texture to the membrane, 
which is without veins (Fig. 409); small semiaquatic bugs, 
measuring less than 3 mm. in length (Hebrus). p. 372 


Lee te Oe te re SIE eeeeeiete is ardiaale olkalaneledn’ HEBRIDA 

EE. Hemelytra with the clavus markedly thicker than the 
membrane. 

F. Tibize armed with strong spines. p. 391 .......CYDNIDA 


FF. Tibiz smooth or with small spines. 


G. Scutellum narrowed behind, only rarely almost cover- 
ing the abdomen. p. 390.........- PENTATOMIDA3 


GG. Scutellum not narrowed as in the Pentatomide, 
very convex, nearly or quite covering the ab- 
COMET Dans O2 mittee: SCUTELLERIDAS 


*In some cases there are minute intermediate joints between the principal 
joints of the antenne; for the purposes of this table these intermediate joints are 


not counted. 
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Fig. 409.—Hebride. 


Fig. 414.—Coreide. 
Figures 408 to 414.—Diagrams illustrating the types of hemelytra characteristic 
of several families of Hemiptera. 


Famity CORIXIDAh* 


The Water-Boatmen 


The family Corixide includes oval, gray-and-black mottled bugs, 
usually less than half an inch in length, which live in lakes, ponds, 
and streams, in both stagnant and running water. The characteristic 
form and markings of these insects are shown in Figure 415. 

The name of the typical genus of this family, Corixa, is evidently 
from the Greek word coris, meaning a bug. For this reason many 
writers have spelled the generic name Corisa and the family name 
Coriside. This name was probably given to these insects because 
they have an odor like that of the bedbug. 

The water-boatmen exhibit some striking peculiarities in struc- 


*Corixide, Corixa, a misspelling of Corisa: coris (xépis), a bug. 
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ture: the head overlaps the prothorax instead of being inserted in 
that segment; the beak 1s very short and scarcely distinguishable 
from the face, the opening to the mouth being on the front of the so- 
called beak; the tarsi of the front legs (termed pale) are flattened 
or scoop-like in form; each consists of a single segment and bears a 
comb-like fringe of bristles; the middle legs are long, slender, and 
end in two claws; the hind legs are flattened and fringed for swimming; 
and, in the males, the abdominal sterna, especially the four caudal 
ones, are very unsymmetrical, being on one side broken into irregular- 
shaped fragments. 

The water-boatmen have the body flattened above, and swim 
upon their ventral surface; they differ in these respects from the 
members of the next family. They swim with a quick, darting 
motion; they use for this purpose chiefly their long, oar-like, posterior 
legs. When in their favorite attitude, they are anchored to some 
object near the bottom of the pond or aquarium by the tips of their 
long, slender, intermediate legs; at such times the fore legs hang 
slightly folded, and the posterior legs are 
stretched out horizontally at right angles to 
the length of the body. The body of these 
insects, with the air which clings to it, ismuch 
lighter than water; consequently whenever 
they lose hold upon the object to which they 
have been clinging, they rise quickly to the 
surface, unless they prevent it by swimming. 
They occasionally float on the surface of the 
water, and can leap into the air from the 
water and take flight. Fig. 415.—A water-boat- 

The bodies of these insects, as they swim ae 
through the water, are almost completely 
enveloped in air. The coating of air upon the ventral surface and sides 
can be easily seen, for it glistens like silver. By watching the insects 
carefully when they are bending their bodies, the air can be seen to fill 
the spaces between the head and the prothorax, and between the pro- 
thorax and themesothorax. The space beneath the wings is also filled 
with air. When these insects are in impure water, they must come 
to the surface at intervals to change this supply of air. But I have 
demonstrated that in good water it is not necessary for them to do 
this. The air with which the body is clothed is purified by contact 
with the fine particles of air in the water; so that the insect can breathe 
its coat of air again and again indefinitely. 

It has been commonly believed that the corixids are carnivorous; 
but Hungerford (’19) has shown, by an extended series of experiments, 
that these insects gather their food supply from the ooze at the 
bottom of pools in which they live. This flocculent material they 
sweep into their mouths by means of the flat rakes of their fore tarsi. 
This material is largely of plant origin; but the protozoa and other 
minute animals living on it are also consumed. ‘This author also 
found that the corixids feed on the chlorophyll of Spirogyra. 
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In most cases the eggs of corixids are attached to the stems of 
aquatic plants; but Ramphocorixa acuminata usually attaches its 
eges to the body of a crayfish. i 

The males of most of the Corixide are furnished with stridulating 
organs. These consist of one or two rows Of chitinous ““pegs’”’ on the 
fore tarsi and a roughened area on the inner surface of the fore femora 
near the base. By rubbing the tarsal comb of one leg over the 
roughened area of the femur of the opposite leg, a chirping sound is 
produced. These stridulating organs differ in form in different species. 

In addition to the stridulating organs of the fore legs there is in 
certain species a more or less curry-comb-like organ near the lateral 
margin of the dorsal wall of the sixth abdominal segment; this has 
been termed the “‘strigil.”” It is situated, when present, on the left 
side in Corixa and on the right side in several other genera. Itsfunc- 
tion has not been definitely determined. 


Both the adults and the eggs of Corixa are used for food for man 
and for birds in Mexico and in Egypt. The eggs are gathered from 
water-plants. Glover states that in Mexico the natives cultivate a 
sedge upon which the insects will deposit their eggs; this sedge is 
made into bundles, which are floated in the water of a lake until 
covered with eggs; the bundles are then taken out, dried, and beaten 
overa cloth; the eggs, being thus disengaged, are cleaned and powdered 
into flour. Kirkaldy (98) reports the importation into England of 
Corixa mercenaria and its eggs for food of insectivorous birds, game, 
fish, etc., by the ton; and computes “‘that each ton of the adults will 
contain little short of 250 million individuals!! As to the ova, they 
are beyond computation.”’ The adults are captured at night with 
nets when they leave the water in swarms. 


It is difficult to separate the different species of water-boatmen on 
account of their close resemblance to each other; this is especially 
true of the females. Fifty-five species are listed in the Van Duzee 
check-list; these represent six genera. 


Famity NOTONECTIDA2 
The Back-Swimmers 


The Notonectidz differ from all other aquatic Hemiptera in the 
fact that they always swim on their backs; and there 
is a corresponding difference in the form of thesein- 
sects. The body is much deeper than in the allied 
families; and is more boat-shaped. The back, from 
the peculiar attitude of the insect when in the water, 
corresponds to the bottom of a boat, and is sloped 
so as to greatly resemble in form this part (Fig. 416). 
The eyes are large, reniform, twice sinuated on the outer side, 
and project a little way over the front margin of theprothorax. Ocelli 
are absent. The prothorax has the lateral margins sharp and pro- 


Fig. 416.—WNoto- 
necta undulata. 
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jecting. The legs are all long; the hind pair are much the longest and 
fitted for swimming. The tarsi consist each of three segments, but 
the basal segment is so small that it is often overlooked. ‘There isa 
ridge along the middle line of the venter which is clothed with hairs, 
and along each side of this a furrow. Along the upper edge of the 
outside of this furrow and a short distance from the side of the body, 
there is a fringe of long hairs, and beneath this fringe the abdominal 
spiracles are situated. 

The features presented by the ventral side of the abdomen just 
referred to can be seen on dead specimens; but it is well to examine 
them on living insects. ‘This can be done by placing a back-swimmer 
in a glass of water, and, when it is resting at the surface of the water, 
studying it by means of a lens of low power. Under these conditions 
it can be seen that the furrow on either side of the venter is an air- 
chamber, which is enclosed by the two fringes of hairs, one borne 
by the ridge of the middle line on the body and the other by the 
outer margin of the furrow. It can also be seen that there is a hole 
near the tip of the abdomen through which the air passes into the 
chambers beneath the fringes of hairs. Sometimes when watching 
an individual under these conditions it will be seen to force the air 
out of the chambers beneath the fringes of hair, using the hind legs 
for this purpose, and sometimes an entire fringe will be lifted like a lid. 

By examining the first ventral abdominal segment of a dead indi- 
vidual a little furrow can be seen on each side; these are air-passages 
extending between the chambers on the ventral side of the abdomen 
to that beneath the wings. 

Air is also carried among the hairs on the lower side of the thorax, 
and in the spaces between the head and the prothorax and between the 
prothorax and the mesothorax; this is probably expired air. 

In collecting back-swimmers, care must be taken or they will inflict 
painful stings with the stylets of their beak. es 

The manner of oviposition of these insects differs in different spe- 
cies. Some merely attach their eggs to the surface of aquatic plants 
by means of a colorless, water-proof glue; others have a long oviposi- 
tor by means of which they insert their eggs in the tissue of these 

lants. 
- The males of some back-swimmers possess stridulating areas; 
these are located on the femora and tibiz of thefore legs and on the 
sides of the face at the base of the beak. 

The notonectids of our fauna represent three genera; these can be 
separated by the following table: 

A. Legs dissimilar; hind legs flattened and fringed for swimming. 


B. Last segment of the antenne much shorter than the penultimate segment. 
A bind Ott eat NOTONECTA 


PLEA 


Noatonécta.—To this genus belong the greater number of our 
species, of which twelve have been described. These are the back- 
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swimmers that are commonly seen floating at the surface of the water, 
with the caudal part projecting sufficiently to admit of the air being 
drawn into the air chambers. When in this position, their long, 
oar-like, hind legs are stretched outward and forward ready for action; 
when disturbed they dart away toward the bottom of the pond, 
carrying a supply of air with them. 

Buénoa.—This genus, of which six species have been found in this 
country, is composed of much more slender forms than is the preceding. 
The habits of two of our species have been studied by Hungerford (’19). 
These insects do not rest at the surface of the water as do some species 
of Notonecta, but may be seen swimming slowly, or even poising in 
midwater some distance beneath the surface. They abound in water 
teeming with Entomostraca, upon which they largely feed. 

Pléa.—The members of this genus are small insects, not exceeding 
3 mm. in length. The shape of the body is quite different from that 
of other back-swimmers, being highly arched behind. ‘They are 
found in tangles of aquatic vegetation, to thefilaments of which they 
cling when at rest. They feed on small Crustacea. Only one species, 
Plea striola, has been described from our fauna. 


Famity NEPIDA2 
The Water-Scorpions 


The members of this family can be distinguished from other 
aquatic Hemiptera by the presence of a long respiratory tube at the 
end of the abdomen. ‘This tube consists of two long filaments, each 
with a groove on its mesal side. By applying these 
filaments together the grooves form a tube, which 
conducts the air to two spiracles situated at the 
caudal end of the abdomen. By means of this ap- 
paratus these insects are able to rest on the bottom 
of a shallow pond, or among rubbish or plants in 
water, and by projecting this tube to the surface 
obtain what air they need. 

With regard to the form of the body, two very 
different types exist in this family. In one, repre- 
sented by the genus Nepa, the body is a long oval, 
Fig. 417.—Nepa flat, and thin (Fig. 417); in the other, represented 

apiculata. by the genus Ranatra, the body is almost linear and 

cylindrical (Fig. 418). An intermediate form, 

Curicta, represented by two species, is found in Louisiana, Texas, and 
Arizona. 


The water-scorpions are carnivorous; and with them the first pair 
of legs is fitted for seizing prey. In these legs the coxe are very long, 
especially in Kanatra; the femora are furnished with a groove into 
ai the tibia and tarsi fit like the blade of a pocket-knife into its 

andle. 
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_Although the Nepidze are aquatic insects, the second and third 
pairs of legs are fitted for walking rather than for swimming. 

Of the genus Nepa we have only a single species, Népa apiculata. 
This insect is about 16 mm. in length, not 
including the respiratory tube, which 
measures a little more than 6 mm. It 
lives in shallow water concealed in the 
mud or among the dead leaves and twigs, 
lying in wait for its prey. The eggs are 
inserted in the tissues of decaying plants; 
they are an elongate oval and bear near 
one end a crown of eleven slender fila- 
ments. 

Of the genus Ranatra eight American 
species have been described. These in- 
sects are found in the same situations as 
Nepa; where, owing to the linear form of 
the body and to the dirt with which it is 
usually covered, it is quite difficult to de- 
tect their presence. They havealso been 
observed in deep water clinging to the 
stems of rushes and grasses, with the re- 
spiratory tube piercing the surface film 
(Bueno); and also upon floating dead 
leaves and stalks of cat-tail, where they 
were basking in the sun and entirely dry fig. 418.—Ranaira fusca. 
(Hungerford). 

Ranatra has stridulating organs; these consist of a roughened 
patch on the outside of each fore coxa and a rasp on the inner margin 
of each shoulder of the prothorax; by means of these organs a squeak- 
ing sound is produced. 

The eggs of Ranatra have been described by Pettit; they are 
elongate oval, about 3.5 mm. in length, and bear at one end a pair of 
slender appendages, about 4 mm. long; they are embedded in the 
rotting stems of aquatic plants, from which the appendages of the 
eggs project. 

A monograph of the Nenide of North America was published by 
Hungerford (22). 


Famity BELOSTOMATID: 
The Giant Water-Bugs 


The common name “‘giant water-bugs’’ was applied to this family 
because to it belong the largest of the Hemiptera now living; a 
species that is found in Guiana and Brazil measures from 75 to roo 
mm. in length; and the larger of our species exceed in size our other 
water-bugs. 
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The members of this family are all wide and flat-bodied aquatic 
insects, of more or less ovate outline. The fore legs are raptorial, 
the middle and hind legs are fitted for 
swimming, being flattened and ciliated; 
this is especially true of the hind legs. 
At the caudal end of the body there is, 
in the adult, a pair of narrow, strap-like 
respiratory appendages, which are re- 
tractile. 

These insects are rapacious creatures, 
feeding on other insects, snails, and small 
fish. Like other water-bugs, they fly from 
pond to pond and are frequently attracted 
tolights. This is especially the case where 
electric lights are used, into which they 
sometimes fly and are killed by hundreds. 
On this account they are known in many 
parts of the country as “‘electric-light 
bugs.” 

The family Belostomatide is repre- 
sented in this country by four genera. 
Recent studies of the nomenclature of the pig 419.—Lethocerus america- 
genera of this family have resulted in the nus. 
making of changes in some of the generic 
names. This should be kept in mind when using the older text-books. 
Our genera are separated by Hungerford (19) as follows: 

A. Mesothorax with a strong midventral keel; membrane of the hemelytra re- 


gIpe Te 
SSS 


(OULTOTEYG Bese Si Naples OIE AHO SIE GOS Sia Ero BINA. Does Cas hein eke diate ABEDUS 
AA. Mesothorax without a midventral keel; membrane of the hemelytra not 
reduced. 


B. Basal segment of the beak longer than the second; base of the wing- 
membrane nearly or quite straight. Body about 25 mm. or less in 
Resa edil Cem ste iareirtny Sie aul ty a Menthe: Aamir sbanin hed abytsnatelbebeh at Maes sicice BELOSTOMA 

BB. Basal segment of the beak shorter than the second; base of the wing- 

membrane sinuous. Body more than 37 mm. in length. 
C. Anterior femora grooved for the reception of the tibia... LETHOCERUS 
CC. Anterior femora not grooved for the reception of the tibia.. BENACUS 
Lethocerus—To this genus 
and the following one belong our 
larger members of this family. 

The appearance of these insects 

is indicated by Figure 419, which 

represents Lethocerus americanus. 

In this genus the anterior femora 

are furnished with a groove for 

the reception of the tibia. Five 
species have been described from 
the United States and Canada. 

In most of the references to these 

Fig. 420.—Belos- insects in our literature the gener- 

toma fluminea. 4 i ; 
fluminea. ic as Belostoma is used. Fig. 421.—Male of 
enacus.—Only a single spe- Abedus, with eggs. 
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cies of this genus, Bendcus griseus, isfound in our fauna. This close- 
ly resembles Lethocerus americanus (Fig. 419), but can be distinguish- 
ed from that species by the absence of the groove in the femora of the 
fore legs. 


Belostoma.—To this genus as now recognized belong our more com- 
mon representatives of the smaller members of this family. ‘These 
have long been known incorrectly under the generic name Zaitha. 
Our most common species is Beléstoma fluminea (Fig. 420). 

In this genus and the following one the eggs are carried by the 
males on their backs, where they are placed by the females, sometimes 
in spite of vigorous opposition on the part of the male. 

Abédus.—Five species of this genus have been found in the south- 
western parts of the United States. Figure 421 represents the male 
of one of these carrying his load of eggs. 


Famity NAUCORIDA2 


The Creeping Water-Bugs 


The Naucoride includes flat-bodied, chiefly oval insects, of 
moderate size. The abdomen is without caudal appendages. The 
front legs are fitted for grasping, the femora being greatly enlarged; 
the middle and hind legs are suited for crawling rather than for 
swimming. There are no ocelli; the antenne are very short, and well 
concealed beneath the eyes; the beak is three-jointed and covered 
at the base by the large labrum; and the hemelytra are furnished with 
a distinct embolium. 

Although these are aquatic insects, they have been comparatively 
little modified for such a life. They carry air beneath their wings 
and obtain this air by pushing the tip of the abdomen 
above the suriace of the water. 

They are predacious and are fond of reedy and 
grassy, quiet waters, where they creep about like the _ 
dytiscid beetles, creeping and swimming around and Fig. 422.—Pel- 
between the leaves and sprays of the submerged plants, ae as femor- 
seeking their prey. ‘ 

Only two genera of this family are represented in our fauna; these 
are Pelécoris and Ambrysus. In Ambrysus the front margin of the 
prothorax is deeply excavated for the reception of the head; in 
Pelocoris this is not the case. 

Pelocoris —Only three speciesof this genus are found in this country 
and these are restricted to the eastern half of the United States. 
The most common one is Pelécoris femoratus (Fig. 422). Itmeasures 
about 9 mm. in length, and when alive is more or less greenish testa- 
ceous in color; but after death it is pale yellow or brownish in color, 
with black or dark brown markings. 

Ambrysus.—Ten species of this genus have been found in this 
country; they are restricted to the Far West. 
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Famity GELASTOCORIDA 
The Toad-shaped Bugs 


The Gelastocéridee was formerly known as the Galgulidz; conse- 
quently most of the references to these insects will be found under 
the older family name, which has been dropped, as the generic name 
Gdlgulus, on which it was based, is not tenable. 

In these insects the body is broad and short, and the eyes are 
prominent and projecting; the form of the body and the protuberant 
eyes remind one of a toad (Fig. 423). Ocelli are present. The an- 
tenn are short and nearly or quite concealed beneath the eyes. The 
beak is short, stout, and four-segmented. The fore legs are raptorial. 

The toad-shaped bugs live on the muddy margins 
of streams or other bodies of water. Some of them make 
holes for themselves, and live for a part of the time 
beneath the ground. They feed upon other insects, 
which they capture by leaping suddenly upon them. 
s Their colors are protective and vary so as to agree with 
Wier toe Cer the color of the soil on which they live. Hungerford 

latue has found that the eggs are buried in the sand. Only 
five species are known to occur in this country. 

The most common and most widely distributed representative of 
the family found in this country is Gelastécoris oculatus (Fig. 423). 
Two other species of Gelastocoris are found in the Southern and 
Western States. In this genus the hemelytra are not fused and the 
fore tarsi are two-clawed. 

In the genus Mononyx, of which a single species, Ménonyx fiiscipes, 
is found in California, the hemelytra are free, but the fore tarsi are 
one-clawed. 

The genus Nerthra is also represented in this country by a single 
species, Nérthra stygiea, which is found in Georgia and Florida. In 
this genus the hemelytra are fused together along a straight suture 
indicated by a groove. 


Famity OCHTERIDA 
The Ochterids 


These are shore-inhabiting bugs, which are closely allied to the 
preceding family, in which they were formerly classed. They differ 
from the toad-shaped bugs in having the fore legs slender and fitted 
for running, and in having the short antenne exposed. They resemble 
the following family, the Saldide, in having the beak long, reaching 
the hind coxee. The eyes are prominent, and two ocelli are present. 

The family includes a single genus, Ochtérus, which, due to an 
error, has been commonly known as Pelégonus. Only three species 
occur in the United States; one of these was described from Virginia, 
one from Florida, and the third is widely distributed from the At- 
lantic Coast to Arizona. 
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The widely distributed species is Ochterus americanus. It measures 
5 mm. in length, and is blackish in color sprinkled with golden yellow 
points. On each side of the prothorax, behind the front angles, there 
is a bright yellow spot. 


The members of this family are predacious. 


Famity SALDIDA 
The Shore-Bugs 


With the Saldide we reach the beginning of the extensive series 
of families of Hemiptera in which the antenne are prominent and 
are not concealed beneath the head. In this family the insects are of 
small size, and of dark colors with white or yellow markings. The 
head stands out free frorn the thorax on a cylindrical base. The an- 
tenne are four-jointed; there are two ocelli; the rostrum is three- 
jointed and very long, reaching to or beyond the middle 
coxe. The membrane of the wing-covers is furnished 
with looped veins, forming four or five long cells placed 
side by side. Occasionally there is little or no distinc- 
tion between the corium and the membrane. Two forms 
sometimes occur in the same species, one with a dis- __ 
tinct membrane, and another with the membrane thick- Fig. 424.—A 

d 4 shore-bug. 
ened and almost as coriaceous as the corium proper. 
The shape of these shore-bugs is shown by Figure 424. 

These insects abound in the vicinity of streams and other bodies 
of water, and upon damp soils, especially of marshes near our coasts. 
Some of the shore bugs dig burrows, and live for a part of the time 
beneath the ground. They take flight quickly when disturbed, but 
alight after flying a short distance, taking care also to slip quickly into 
the shade of some projecting tuft of grass or clod where the soil 
agrees with the color of their bodies. 

Thirty-three species belonging to this family have been found in 
the United States and Canada; these represent eight genera. 


Famity VELIIDA 
The Broad-shouldered W ater-Striders 


The Velliide includes insects which are very closely allied to the 
following family, the water-striders, both in structure and in habits. 
In both families the distal segment of the tarsi, at least of the fore 
tarsi, is more or less bifid, and the claws are inserted before the apex; 
these characters distinguish these two families from all other Hemip- 
tera. In the Veliide the body is usually stout, oval, and broadest 
across the prothorax (Fig. 425). The beak is three-jointed; the legs 
are not, extremely long, the hind femora not extending much beyond 
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the end of the abdomen. In fact, the legs are fitted for running over 
the water, instead of for rowing, as with the Gerridee. The intermedi- 
ate legs are about. equidistant from the front and hind pairs, except 
in Rhagovelia. These insects are dimorphic, both fully winged and 
short-winged or wingless adults occurring in the same species. ; 

About twenty species of this family have been found in America 
north of Mexico; these represent four genera. 

The broad-shouldered water-striders are found both on the banks 
of streams and ponds and on the surface of water. About one-half 
of our species belong to the genus Microvélia. These are very small, 
plump-bodied bugs, which are usually black and silvery in color or 
mottled with brown. They are found at the water’s edge but run 
out on the water when disturbed; and they are also often found upon 
rafts of floating vegetation. 

To the genus Rhagovélia belong somewhat larger forms, which are 
characterized by the long, deeply split, terminal 
segment of the tarsi of the middle legs. Our most 
common species of this genus is Khagovélia obésa 
(Fig. 425). These bugs are found running over - 
the surface of rapidly moving waters in streams. 
They can also dive and swim well under water. 
Four species of Rhagovelia are found in this 
country. 

The genus Vélza includes the larger members 
of the family. In these the tarsi of the middle legs are not cleft. 
Four species of this genus occur in our fauna. They are found on 
moderately rapid streams or little bogs and eddies connected there- 
with. 

The fourth genus occurring in our fauna is represented by a single 
species, Macrovélia harrisi1, which is restricted to the Far West. 


Fig. 425.—Rhagovelia 


obesa. 


Famity GERRIDAE 
The Water-Striders 


This family includes elongated or oval insects which live upon the 
surface of water. Their legs are long and slender; the hind femora 
extend much beyond the apex of the abdomen; the middle and hind 
pairs of legs are approximated and distant from the fore legs; the 
terminal segment of the tarsi, at least of the fore tarsi, is more or 
less bifid, and the claws are inserted before the apex. The beak is 
four-jointed. The antenne are long and four-jointed. 

The water-striders prefer quiet waters, upon which they rest or 
over which they skim rapidly; they often congregate in great 
numbers. There are commonly two forms of adults belonging to the 
same species, the winged and the wingless; sometimes a third form 
occurs in which the adult has short wings. 

These insects are predacious; they feed on insects that fall into 
the water, and I have seen them jump from the water to capture flies 
and other insects that were flying near them. 
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Twenty species of water-striders have been found in America 
north of Mexico; these represent seven genera. These genera are 
separated by Hungerford (’19) as follows: 


A. Inner margin of the eyes sinuate behind the middle. Body comparatively 
long and narrow; abdomen long. (Subfamily Gerrine). 
B. Pronotum sericeous, dull; antenne comparatively short and stout. 
First segment of the antenne shorter than the second and third taken 


together. 
D. Antenne half as Jong as the body; sixth abdominal segment of the 
fale roundly emarrinaies. so. atest ae le ok LIMNOPORUS 


DD. Antenne not half as long as the body, not extending beyond the 
thorax; sixth abdominal segment of the male doubly emarginate. 


ONO aI. OT ee OT ag SNS een ene ito eee ne nee GERRIS 
CC. First segment of the antenne longer than the second and third taken 
COREE GE Seeren. nee Op. Moe Sie ce hee PELE DORR |B GERRIS 


_ BB. Pronotum glabrous, shining; antenne long and slender. ..TENAGOGONUS 

AA. Inner margin of the eyes convexly rounded. Body comparatively short 
and broad ;abdomensoshortas to appear almost nymphal in some forms. 
(Subfamily Halobatine). 

B. First antennal segment much shorter than the other three taken together; 
not much longer than the second and third taken together, and some- 
times shorter. 

C. Fourth (apical) segment of the antenne longer than the third. 
D. Eyes fairly prominent; colors of body black and yellow. .TREPOBATES 
DD. Eyes smaller, widely separated; body lead-colored, sericeous. 
Oceaml wellerss . sees eee et eae eked ed HALOBATES 
CC. Fourth segment of antennze never more than equal to the third; 
basal segment of anterior tarsi much shorter than the second; 
hind femur equal to or much shorter than the hind tibia and tarsus 
takenmtoretleiusssweraoess wero Here ee ae hate RHEUMATOBATES 

BB. First antennal segment nearly equal to the remaining three taken to- 

gether, much longer than the second and third; antennz almost as 
long as the entire body; hind femur twice as long as hind tibia. 
my CSSA Ae Rae ace MO otters Slt Serr ARE ea METROBATES 


Gérris—Of the twenty species of water-striders found in this 


country, nine belong to this genus; a common species in the East is 
Gerris conformis (Fig. 426). 


Fig. 426.—Gerris conformis. 


Limnéporus.—We have only a single species of this genus, Le ru 
foscutillatus. ' 

Tenagogonus.—Three species are listed from our fauna, only one 
of which has been found in the North; this is 7. gilléttet, which is 
reported from Ohio. The others are found in Florida and California. 

Metrdbates.—Our only species, M. hespérius, is found in Ontario 
and the eastern part of the United States. 
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Trepobates.—This genus is represented only by T. pictus. This 
isa beautiful yellow and black species, which is quite widely distribut- 
ed. 

Rheumatodbates —Three species of this genus have been described. 
The males are remarkable for the strange form of the posterior femora, 
which are strongly bent, and the shape of the antenne, which are 
fitted for clasping. 

Halobates —These are truly pelagic insects, living on the surface 
of the ocean, often hundreds of miles from land. They are most 
abundant in the region of calms near the equator; they feed on the 
juices of dead animals floating on the surface, and probably attach 
their eggs to floating sea-weed (Sargassum). H. micans is found off 
the coast of Florida and H. sericeus off the coast of California. 


Famity MESOVELIIDA 
The Mesoveliids 


This is a smallfamily of which only two species have been found 
in North America. These are the following. 

Mesovélia mulsant:z—This is a small bug, measuring only 4 or 
5 mm. in length; it is of a pale yellow color marked with brown. 
The antennz are long, filiform, and four-jointed; the beak is three- 
jointed; the legs are moderately long and slender; and the tarsi are 
three-jointed. This species is dimorphic, the adults being either winged 
or wingless. In the winged form, the membrane of the hemelytra is 
without veins. 

This species lives on the surface of quiet waters and on rafts of 
floating vegetation and is predacious. It is furnished with an ovi- 
positor and embeds its eggs in the stems of aquatic plants. 

Mesovélia douglasensis.—This is a smaller species than the pre- 
ceding; the length of the female is 2.1 mm., of the male 1.8 mm. It 
is olive-brown in color. It was recently discovered and described by 
Professor Hungerford (’24). It was found near Douglas Lake, Michi- 
gan. 


Famity HEBRID 
The Hebrids 


This family includes very small plump-bodied bugs, measuring 
less. than, 3. mm. inwleneth. ~The 
antenne are either four-jointed or five- 
jointed; the beak is three-jointed; and the 
tarsi are two-jointed. Ocelli are present. 
The head and thorax are sulcate beneath. 
The clavus of the hemelytra is similar in 
texture to the membrane, which is without 


Pig. 427.— 
Gee PETA, SUeme cial: (Fig. 427). Two genera of this family 


are found in the United States. 
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Hebrus.—In this genus the antenne consist of five segments, not 

counting a minute segment at the base of the third. The 
adults are always winged. Four species occur in our fauna. These 
bugs are found on moist earth at the margins of pools and run out 
upon the water when disturbed; they are also found on floating 
vegetation. 
_ Merragata.—In this genus the antennz are four-jointed not count- 
ing the small segment at the base of the third. The adults are dimor- 
phic, short-winged and long-winged forms occcurring in the same 
species. These insects inhabit still and stagnant waters and often 
descend beneath the surface; at such times the body is surrounded 
by a film of air. Only two species have been found, as yet, in this 
country. 


FamMiIty HYDROMETRIDZ 


The Water-Measurers 


The members of this family are very slender insects, with linear 
legs and antennez (Fig. 428). The head is as long as the entire thorax, 
although this region is long also. The eyes are 
round, projecting, and placed a little nearer the 
base than the tip of the head. Ocelli are absent. 

The antenne are four-jointed; the beak is three- 
jointed; and the tarsi are three-jointed. 

These insects creep slowly upon the surface of 
the water; they carry the body considerably ele- 
vated, and are found mostly where plants are 
growing in quiet waters. It was probably their 
deliberate gait when walking on water that sug- 
gested the generic name Hydrométra, or water- 
measurer. In this country these insects have 
been commonly known under the generic name 
Limnobates, or marsh-treaders; but Hydrometra 
is much the older name. 

Only three species have been found in the 
United States. One of these, Hydrométra martini Fig. 428.—Hydrome- 
(Fig. 428), is widely distributed. The other two, = /7@ maritnr. 
Hydrométra australis and Hydrométra wiléyt, are é, 
found in the South. These insects are dimorphic, both winged and 
wingless forms occurring in the same species. Descriptions of the 
three species are given by Hungerford ('23). = 

The egg of Hydrometra martini is remarkable in form; it is figured 
on page 167. 


Famity SCHIZOPTERID © 
The Schizopterids 


This family and the following one, the Dipsocoridee, constitute a 
quite distinct superfamily, the members of which are most easily rec- 
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ognized by the form of the antenne (Fig. 429, b). These are four- 

jointed; the first two segments are short and thick; the third and 

fourth segments are long, slender, and clothed with long hairs; 

the third segment is thickened toward the base. In these two families 
ocelli are present; the beak is three- 
jointed; the legs are quite slender, and 
the tarsi are three-jointed. The species 
are small or very minute. 

The Schizopteride is distinguished 
from the following family by the shape 
of the head and the form of the cavities in 
which the front legs are inserted. The 
head when viewed from above is wider 
than long and is strongly deflexed; the 
fore coxal cavities are very prominent 

A and tumidly formed. The beak is short. 
Fig. 429.—Glyptocombus saltator: ‘Lhe Schizopteride is represented in 
a, dorsal aspect; b, antenna. our fauna by a single species, Glyptocém- 
(After Heidemann.) bus saltator (Fig. 429). This is a minute 
bug, measuring only 1.2 mm. in length 
and .6 mm. in width. The known specimens were taken on 
Plummers Island, Md. The describer of this species, Mr. O. 
Heidemann, states: ‘This species is most difficult to collect and is 
only to be found by sifting fallen leaves, rubbish and earth. The 
collector must watch patiently until the minute insect makes its 
presence known by jumping, and even then it takes a skillful hand 
to secure it in a vial.” 


Famity DIPSOCORIDA 
The Dipsocorids 


This family is closely allied to the preceding family; the dis- 
tinguishing features common to the two families are indicated in the 
account of that family. 

In the Dipsocoride the head is extended horizontally or slightly 
deflexed, and the fore coxal cavities are not at all prominent. The 
beak is long. 

This family is represented in our fauna by asingle genus, Cera- 
tocombus, of which two or three species have been found in New 
Mexico; and one of these is doubtfully reported from Florida. These 
measure less than 2 mm. in length. 


Famity ISOMETOPIDA® 
The Isometopids 


This is a family of limited extent, there being very few species 
known in the entire world. It includes very small bugs, those found 
in this country ranging from 2 mm. to 2.6 mm. in length. 


HEMIPTERA 375 


_The Isometopidee is closely allied to the following family, the 
Miride; by some writers it has been classed as a subfamily of that 
family. In both families the antennx 
are four-jointed; the beak is four-jointed; 
the hemelytra are composed of clavus, 
corium, cuneus, and membrane; at the 
base of the membrane there are one or 
two cells; otherwise the membrane is with 
out veins. The Isometopide is dis- 
tinguished from the following family by 
the presence of ocelli, two in number. 

Only four species of this family have 
been found in our fauna; one in Texas, 
one in Arizona, and two in the East. 
The Eastern species are Myiomma cixii- 
formts, which is dull black in color with a 
narrow white band across the base of the 
cuneus; and Isometopus pulchellus, which 
is easily recognizable by its contrasting 
colors of dark brown and yellowish white 
(Fig. 430). Both are exceedingly rare in- 
sects. 


Famity MIRIDA ; 
Fig. 430.—Isometopus pulchel- 


Tein, Bugs lus. (After Heidemann.) 


This family, which has been known as the Capside, is more large- 
ly represented in this country than any other family of the Hemiptera. 
Van Duzee in his “‘Catalogue of the Hemiptera North of Mexico”’ 
lists 398 species, which represent 129 genera. The species are usually 
of medium or small size. The form of the body varies greatly in the 
different genera, which makes 
it difficult to characterize the 
family. 

The most available char- 
acter for distinguishing these 
: insects is the structure of the 
Fig. 431.—Hemelytron of Pecilocapsus hemelytra. These are almost 

linearis: always complete, and corn- 

posed of clavus, corium, cuneus, 

and membrane. At the base of the membrane there are one or two 

cells; otherwise the membrane is without veins (Fig. 431). Other 

characters of the family are as follows: the ocelli are wanting; the 

beak and the antennz are each four-jointed; the cox are subelongate; 
and the tarsi are three-jointed. . 

It is impracticable to discuss here the divisions of this family; 
reference can be made to only a few of the more common species. 

The four-lined leaf-bug, Pecilocdépsus lineatus.—This is a bright 
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yellow bug, marked with black. It measures about 8 mm. in length. 
There are four. longitudinal black lines which extend over the 
prothorax and the greater part of the hemelytra (Fig. 432). There is 
in many individuals a black dot on the cuneus of each hemelytron,; 
and the membrane is also black. 

This insect infests various plants, but abounds most on the 
leaves of currant, gooseberry, mint, parsnip, Weigela, Dahlia, and 
rose. It punctures the young and tender leaves, causing small 
brown spots; but these are sometimes so numerous and closely 
placed that the leaves become completely withered. It is a widely 
distributed species, its range extending from Canada to Georgia and 
westward to the Rocky Mountains. 


There is only one generation a year. The eggs are laidin the 
terminal twigs of currant and other bushes in midsummer and hatch 
the following spring. They are laid in clusters, each 
containing six or eight eggs; these egg-clusters are 
forced out of the stem somewhat by the growth of the 
surrounding plant tissue; and as the projecting part of 
the egg is white, they can be easily found. 

The methods of control are the pruning and burning 

: of twigs containing egg-clusters, and, early in the season, 
Ska oat “~ the destruction of the nymphs by the use of kerosene 
An *“* emulsion or some one of the tobacco extracts. 

The tarnished plant-bug, Lygus praténsis——The 
tarnished plant-bug is a very common species which is found through- 
out the United States and in Canada. It is smaller than the preceding 
species, measuring 5 mm. in length and 2.5 mm. in its greatest width. 
It is exceedingly variable in color and markings; its color varies from a 
dull dark-brown to a greenish or dirty yellowish brown. In the more 
typical forms the prothorax has a yellowish margin and several 
longitudinal yellowish lines; there is a V-shaped yellowish mark on 
the scutellum; the distal end of the corium is dark; and the cuneus 
is pale, with a black point at the apex. 


This pest is a very general feeder; it has been recorded as injuring 
about fifty species of plants of economic value; its injuries to the 
buds of Aster, Dahlia, and Chrysanthemum, and to the buds and 
blossoms of orchard-trees, and to nursery stock, are well-known. 
As yet no practical method of control of this pest has been found. 


The apple-redbug, Heterocérdylus mdlinus.—This species and the 
following one are sometimes a serious pest in apple orchards. They 
cause spotting of the leaves; but, what is far more serious, they punc- 
ture the young fruit, which results either in the dropping of the 
fruit or in its becoming badly deformed so as to be unmarketable. 
The eggs are inserted into the bark of the smaller branches late in 
June or early in July; they hatch in the following spring soon after 
the opening of the leaves of the fruit-buds. The nymphs are tomato- 
red in color. They first attack the tender leaves, but as soon as the 
fruit sets they attack it. The young nymphs can be killed by an 
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application of “black leaf 40’ tobacco-extract diluted at the rate of 
I pint in roo gallons of water; the éfficiency of this spray is increased 
by the addition of about 4 pounds of soap to each 100 gallons. Two 
applications of the spray should be made: the first, just before the 
blossoms open; the second, just after the petals fall. The spraying 
should be done on bright warm days, for in cool weather many of the 
nymphs hide away in the opening leaves. 

The adult apple-redbug is about 6 mm. long. The general color 
varies from red to nearly black. Usually the thorax is black in front 
and red behind. The wings are red, usually black along the inner 
edge and with a pointed ovate black spot near the outer margin. 
The scutellum, legs, and antennze are black. The entire dorsal sur- 
ae is sparsely covered with conspicuous white, flattened, scale-like 

airs. 

The false apple-redbug, Lygidea mendax.—This species resembles 
the preceding one in general appearance and in habits. The nymphs 
can be distinguished by their brighter red color, by the absence of 
dusky markings on the thorax, and by having the body clothed with 
fine, short, black hairs. The adult of this species is lighter-colored and 
lacks the scale-like hairs on the dorsal surface. 

The above account of these two species is an abstract of one pub- 
lished by Professor C. R. Crosby (’11). 

The hop-redbug, Paracalocoris hawley1.—The leaves of hop plants 
are sometimes perforated and the stems stunted and deformed by the 
nymphs of this species, which are red with white markings. The 
adult is 6 mm. long, black, with hemelytra hyaline or pale yellowish, 
and the cuneus reddish. For a detailed account see Hawley (17). 


Famity TERMATOPHYLIDA 
The Termatophylids 


This family is closely allied to the following one, the Anthocoride, 
but differs in that the beak is four-jointed and ocelli are wanting. 
The hemelytra are well developed, furnished with an embolium, and 
usually with a single large cell in the membrane. The tarsi are three- 
jointed and are not furnished with an arolium. a 

The Termatophylidz is a very small family, but it is world-wide 
in its distribution. A single very rare species has been found in this 
country. This is Hesperéphylum heidemanni, which has been taken 
in New Hampshire and Arizona. Only the female of this species has 
been described. It is dark brown with the scutellum yellowish white; 
the cell in the membrane of the hemelytra is semicircular; the length 
of the body is 4 mm. 


Famity ANTHOCORID 
The Flower-Bugs 


This family is closely allied to the following one; but in the 
flower-bugs ocelli are present, though sometimes difficult to see, 
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and the hemelytra are almost always fully developed and are furnished. 
with an embolium (Fig. 433). As in the following family, the beak 

5 consists of three segments; the 
antenne, of four; and the tarsi, 
of three. 

The species are small. They 
are found in a great variety of 
situations, often upon trees and 
on flowers, sometimes under bark 
mn a3 or rubbish. They are predacious. 

Fig. 433.—Hemelytron of Triphelps. Thirty-six species have been 

th catalogued in our fauna; these 

represent thirteen genera. The following species will serve as an 
example. 


The insidious flower-bug, Triphelps insididsus.—This is perhaps 
the best-known of our species. It is a small black bug, measuring 
only 2 mm. in length; the hemelytra are yellowish white on the 
corium, at the tip of which is a large, triangular, blackish spot; the 
membrane is milky white. This species is widely distributed; it is 
common on flowers, and is often found preying upon the leaf-inhabit- 
ing form of the grape Phylloxera; it is also often found in company 
with the chinch-bug, upon which it preys and for which it is some- 
times mistaken. 


Famity CIMICIDAi 
The Bedbug Family 


The members of this family are parasitic bugs, which are either 
wingless or possess only vestigial hemelytra. In these insects the 
ocelli are absent, the antennz are four-jointed, the beak is three- 
jointed, and the tarsi are three-jointed. Only four species belonging 
to this family have been found in America north of Mexico. These 
can be separated by the following table, which is based on a more 
detailed one given by Riley and Johannsen (’15). 


A. Beak short, reaching to about the anterior coxe. 
,, B. Pronotum with the anterior margin very deeply sinuate. The genus Cimex. 
~_, C. Body covered with very short hairs; second segment of the antenne 
St shorter than the third; hemelytra with the inner margin rounded and 
28! shorter than the scutellum. The common bedbug...C. lectularius 
CC. Body covered with longer hairs; second and third segments of the an- 
tenne of equal length; hemelytra with the inner margin straight 
and longer than the scutellum. Species found on bats. ..C. pilosellus 
BB. Anterior margin of the pronotum very slightly sinuate or nearly straight 
in the middle. Species found in swallows’ nests. ..Géctacus vicadrius 
AA. Beak long, reaching to the posterior coxa. Infests poultry in southwest 
United States and in Mexico...................Hematosiphon inodorus 


The common bedbug, Cimex lectularius.—The body is ovate in 
outline and is very flat (Fig. 434); it is reddish brown in color, and is 
4-5 mm. long by 3 mm. broad when full-grown. This pest is a noc- 
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turnal insect, hiding by day in cracks of furniture and beneath various 
objects. Ordinarily it is found only in the dwellings of man; but it 


Fig.434.-—Cimex 
lectularius. 


has been known to infest chicken houses. The means 
commonly employed to destroy this pest is to wet 
the cracks of the bedstead and other places in which 
it hides with corrosive sublimate dissolved in alco- 
hol. This is sold by druggists under the name of 
bedbug poison. As this substance is a virulent 
poison, it should be used with great care... In case a 
room is badly infested, it should be thoroughly 
cleaned; fumigated with sulphur or with hydro- 
cyanic acid gas; the walls repapered, kalsomined, 


or whitewashed; and the woodwork repainted. Detailed directions 
for the use of gases against household insects are given by Herrick 


(14). 


In traveling, where one 


is forced to lodge at places in- 
fested by this insect or by fleas, 
protection from them can be had 
by sprinkling a small quantity 
of pyrethrum powder between 
the sheets of the bed on retiring. 

The other members of this 
family found in this country can 
be distinguished from the com- 
mon bedbug by means of the table 
given above. 


Famity POLYCTENIDA 
The Many-combed Bugs 


The Polyctenide includes a 
small number of very rare species 
of bugs that are parasitic upon 
bats. Until recently it was not 
known to be represented in 
America north of Mexico; but 
Ferris (’19) records the finding 
of one species, Hesperdoctenes longt- 
ceps, on the bat Eumops californi- 
cus, near San Bernardino, Cali- 
fornia. Figure 435 is a reduced 
copy ofa figure of this insect by 
Ferris. Theleft half of the figure 
represents the dorsal aspect of 
this insect; the right half, the 
ventral aspect. 
description unnecessary. 
mm.; of the male, 3.8 mm. 


Fig. 435.—Hesperoctenes longiceps: A, 
female, left half dorsal, right half ven- 
tral; B, posterior tarsus; C, anterior 
tarsus; D, dorsal aspect of second an- 
tennal segment, distal end upward. 
(After Ferris.) 


This carefully made figure renders a detailed 
The length of the body of the female is 4.5 


380 AN INTRODUCTION TO ENTOMOLOGY 


In this family the hemelytra are vestigial and the hind and middle 
tarsi are four-jointed. The name of the typical genus, Poljctenes, was 
probably suggested by the presence of several comb-like series of 
spines on the body. 


Famity NABID/ 


The Nabids 


In this family the body is oblong and somewhat oval behind. 
The beak is long, slender, and four-jointed. The hemelytra are 
longer than the abdomen, or are 
very short. Some species are di- 
morphic, being represented by 
both long-winged and short-wing- 
ed forms. In the forms with long 
wings the membrane is usually 
furnished with four long veins 
bounding three discal cells, which 
are often open; from these discal 
cells diverge veins which form several marginal cells (Fig. 436). 
The fore tibiae are armed with spines and are capable of being closed 
tightly upon the femora, which are stout; they are thus fitted for 
grasping prey. 

Nearly all of our common species belong to the genus Nabis; in 
fact this genus includes twenty-six of the thirty-one species found in 
this country. Due to an error made long ago, this genus has been 
commonly known as Coriscus; and most of the references to these 
insects are under this name. 


Fig. 436.—Hemelytron of Nabis ferus. 


Nabts férus.—This is one of our most common species. It measures 
about 8 mm. in length. It is pale yellow with numerous minute 
brown dots; the veins of the membrane are also brownish. This 
species is distributed from the Atlantic Coast to the 
Pacific. It secretes itself in the flowers or among the 
foliage of various herbaceous plants, and captures small 
insects upon which it feeds. 

Nabis_ subcoleoptratus—The short-winged form of 
this species is another very common insect (Fig. 437). 
This is of a shining jet-black color, with the edge of 
the abdomen and legs yellowish. The hemelytra 
barely extend to the second abdominal segment. The 
long-winged form of this species is not common; it is Fig.437.—Na- 
much narrower behind, and the hemelytra and the ab- -28_Subcole: 
domen are rather dusky, or piceous, instead of jet-black. ae 


Famity REDUVIIDA2 
The Assassin-Bugs 


_ The Reduviide is a large family, including numerous genera of 
diverse forms. Many of the members of it are insects of considerable 
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size, and some are gayly colored. They are predacious, living on the 
blood of insects. In some cases they attack the higher animals; and, 


occasionally, even man suffers from them. 


Fig. 438.—Arilus cristatus. (From Glover.) 


3 In this family the beak is short, three-jointed, attached to the 
tip of the head, and with the distal end, when not in use, resting upon 
the prosternum, which is grooved to receive it. Except in a few spe- 


cies, ocelliare present in the winged forms. The anten- 
nz are four-jointed. 

More than one hundred species occur in our fauna; 
these represent forty-four genera. The following species 
will serve to illustrate the great diversity in form of 
members of this family. 

The wheel-bug, Arilus cristatus —The wheel-bug is 
so called on account of the cogwheel-like crest on the 
prothorax (Fig. 438). It is a common insect south of 
New York City, and is found as far west as Texas and 
New Mexico. The adult, a cluster of eggs, and several 
nymphs, are represented in the figure. The nymphs 
when young are blood-red, with black marks. 


Fig. 439.—Re- 
duvius per- 
sonatus. 


The masked bedbug-hunter, Redivius personatus.—The adult of 
this species is represented by Figure 439; it measures from 15 to 20 
mm. in length, and is black or very dark brown in color 
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There are two marked peculiarities of this species that have caused 
it to attract much attention: first, in its immature instars the body 
is covered with a viscid substance which causes particles of dust and 
fibers to adhere to it; not only the body, but the legs and antennz 
also, are masked in this way; in fact the nymph resembles a mass of 
lint, and attracts attention only when it moves; second, this species 
infests houses for the sake of preying upon the bedbug. It feeds also 
upon flies and other insects. 

The big bedbug, Tridtoma sanguisiga.—cClosely allied to the 
masked bedbug-hunter is a large bug which insinuates itself into beds 
for a less commendable purpose than that of its ally, for it seeks 
human blood at first hand. This insect measures 25 mm. in length; 
it is black marked with red; there are six red spots on each side of 
the abdomen, both above and below. It inflicts a most painful wound. 

This is one of several species of the Reduviide that received the 
name of ‘‘kissing-bug’”’ as a result of sensational newspaper accounts 
which were widely published in the summer of 1899 and which stated 
that a new and deadly bug had made its appearance, which had the 
habit of choosing the lips or cheeks for its point of attack on man. 
It is found from New Jersey south to Florida and west to Illinois 
and Texas. 

The genus Triatoma was renamed Conorhinus and most of the 
references to this species are under this generic name. 

The thread-legged bug, Emesa brevipénnis—This is our most 
common representative cf one 
of the subfamilies of the Redu- 
viidee in which the body is slen- 
der and the middle and hind 
legs are thread-like (Fig. 440). 
The front legs are less thread- 
like, and are fitted for grasp- 
ing; they suggest by their form 
the front legs of the Mantide;: 
the coxa is greatly elongated, 
: more than four times as long as 

Fig. 440.—Emesa_brevipennis. thick; the femur is spined; 

and the tibia shuts back upon 

the femur. In Figure 440 they are represented beneath the thread- 

like antenne. Emesa brevipénnis measures about 33 mm. in length; 

it is found upon trees, or sometimes swinging by its long legs from the 
roofs of sheds or barns. 

A monograph of the Reduviide of North America has been 
published by Fracker (’r2). 


Famity PHYMATIDA 
The Ambush-Bugs 


The Phymatidz is poorly represented in this country but some of 
the species are very common. Here we find the body extended 
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laterally into angular or rounded projections, suggesting the name 
of the typical genus. But the most striking character which dis- 
tinguishes this group isthe remarkable form of the front legs. These 
are fitted for seizing prey. The coxa is somewhat elongated; the femur 
is greatly thickened, so that it is half or two thirds as broad as long; 
the tibia is sickle-shaped, and fits closely upon the broadened and 
curved end of the femur; both tibia and femur are armed with a 
series of close-set teeth, so that the unlucky insect that is grasped 
by this organ is firmly held between two saws; the apparently useless 
tarsus is bent back into a groove in the tibia. Another striking 
character is presented by the antennz, the terminal 

segment being more or less enlarged into a knob. 

Under the lateral margin of the pronotum in Phymata 

there is on each side a groove into which the antenna 

fits. 

Only two genera are represented in our fauna, each Fig. 441.— 
by six species. These are Phymata and Macrocéphalus. Phymata er- 
In Phymata the scutellum is of ordinary size; in Macro- °°” 
cephalus it is very large and extends to the tip of the abdomen. 

Our most common species is Phymata erosa (Fig. 441). It isa 
yellow insect, greenish when fresh, marked with 
a broad black band across the expanded part of 
the abdomen. It conceals itself in the flowers 
of various plants, and captures the insects which 
come to sip nectar. It is remarkable what large 
insects it can overcome and destroy; cabbage 
butterflies, honey-bees, and large wasps are over- 
powered by it. 


Famity ENICOCEPHALIDA® 
The Unique-headed Bugs 


In this family the hemelytra are wholly mem- 
branous and provided with longitudinal veins 
and a few cross-veins (Fig. 442). The head is 
constricted at its base and behind the eyes, and is 
swollen between these two constrictions. This 
is a form of head not found in any other Hemip- 
Fig. 442.—Systello - - tera. Ocelli are present. The antenne are four- 

derus biceps. (Af- jointed; the first, second, and third segments are 
ter Johannsen.) Gach followed by a small ring-joint. The beak is 
four-jointed. The front tarsi are one-jointed, the middle and hind 
tarsi two-jointed. The front legs are fitted for grasping prey, the 
fore tarsi being capable of closing upon the end of the broad tibiz. 


This is a small family; but few species are known from the entire 
world, and only two have been described from America north of 
Mexico. These are Enicocéphalus formicina, found in California, 
and Systelloderus biceps, which has been found from New York to Utah, 
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But little has been published regarding the habits of these insects. 
It is evident, from the structure of their fore legs, that they are 
predacious. Professor Johannsen (’o9 b) found Systelloderus biceps 
(Henicocephalus culicis) flying in small swarms near Ithaca, INSEY® 
Their manner of flight resembled that of chironomids. They were 
observed repeatedly from July 5 to the last week in August, always in 
the latter part of the afternoon. This species measures 4 mm. in 
length. 

The type genus of this family was first named Enicocephalus; this 
name was later emended to Henicocephalus; but the older form of the 
name, though incorrectly formed, is now used. 


Famity TINGIDA# 


The Lace-Bugs 


The Tingide are doubtless the most easily recognized of ail Hemip- 
tera. The reticulated and gauze-like structure of the hemelytra, 
usually accompanied by expansions of the pro- 
thorax of a similar form, gives these insects a 
characteristic appearance which needs only to 
be once seen to be recognized in the future. 
Figure 443 represents one of these insects 
greatly enlarged, the hair-line at the side 
indicating the natural size of the insect. They 
are generally very small insects. But they 
occur in great numbers on the leaves of trees 
and shrubs, which they puncture in order to 
suck their nourishment from them. 

In this family the ocelli are wanting; the 
beak and antennz are four-jointed; the scu- 

Fig. 443.—Corythucha  tellum is usually wanting or vestigial, replaced 

Sreuale. by the angular hind portions of the pronotum; 

and the tarsi are two-jointed. 

About seventy-five species of lace-bugs, representing twenty-three 
genera, are now listed from thiscountry. There are two well-marked 
subfamilies. 


SUBFAMILY TINGINA 


This division includes nearly all of the known species. Here 
the scutellum is usually covered by an angular projection of the 
pronotum; and the hemelytra have no distinction between the clavus, 
corium, and membrane. ‘The following species will serve as an il- 
lustration of this subfamily. 

The hawthorn lace-bug, Corythiicha arcuata.—This is a widely 
distributed species, which punctures the under surface of the leaves 
of different species of Crategus. The infested leaves have a brown 
and sunburnt appearance. Eggs, nymphs, and adults are found 
together. The adult is represented, much enlarged, in Figure 443. 
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In Figure 444 the eggs and anymph are shown. The eggs are covered 
by a brown substance, which hardens soon after oviposition. 


SUBFAMILY PIESMINZ 


In this subfamily the scutellum is not covered; the hemelytra 
have a distinct clavus, with a well-marked claval suture; the clavus 
is furnished with one, and the corium with three, 
longitudinal veins which are much stronger than 
the network of veins between them. In long- 
winged individuals the tip of the membrane lacks 
the network of veins and appears like the mem- 
brane in other families. As yet but a single 
American species has been described. 

The ash-gray Piesma, Piésma cinérea.—This 
species measures about 3 mm. in length, and is of 
anash-gray color. The prothorax is deeply pitted, 
so that it presents the same appearance as the 
base of the wing-covers. The head is deeply 
bifid at tip, and there is a short robust spine be- pig. 444.—Eges and 
tween the eye and the antenna oneach side. This nymph of Cory- 
species sometimes infests vineyards to an injurious = #ucha arcuata, 
extent, destroying the flower-buds in early spring. 


Famity PYRRHOCORID® 


The Cotton-Stainer Family 


In this family the antennz are four-jointed; the beak is also 
four-jointed; ocelli are absent; and the hemelytra are not furnished 
with a cuneus. The members of 
the family are stout and heavily 
built insects, and are generally 
rather large and marked with 
strongly contrasting colors, in 
which red and black play a con- 
spicuous part, in this respect re- 

: =, _ sembling some of the larger 

AE em ea i species of the following family. 

The Pyrrhocoride can be dis- 

tinguished from the Lygeide by the absence of ocelli, and by the 

venation of the membrane of the hemelytra (Fig. 445). At the base 

of the membrane there are two or three large cells, and from these 
arise branching veins. 

Only twenty-two species, representing five genera, have been found 
in our fauna, and these are restricted to the Southern and Western 
States. 

Our most important species, from an economic standpoint, is the 
red-bug or cotton-stainer, Dysdércus suturéllus (Fig. 446). It is 
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oblong-oval in form, of a red color; the hemelytra and an arc on 
the base of the prothorax, and also the scutellum, are pale brown. 
The hemelytra have the costal margin, a narrow line bordering the 
base of the membrane and continuing diagonally along the outer 
margin of the clavus, andalsoa slender streak on the inner margin of 
the clavus, pale yellow. It varies much in size, ranging from 10 mm. 
to 16mm. in length. The young bugs are bright red 
with blacklegsandantenne. From time immemorial 
this has been one of the worst pests with which the 
cotton-planters of Florida and the West Indies have 
had to contend. It does much damage by piercing 
the stems and bolls with its beak and sucking the sap; 
but the principal injury to the crop is from staining 
the cotton in the opening boll by its excrement. It 
is also injurious to oranges; it punctures the rind of 
Bieie pe the fruit with its beak; and soon decay sets in, and 
Gercus suiureiues ace iruit drops..4 heserinsects. cantibestrappedamn 
cotton-flelds by laying chips of sugar-cane upon the 
earth near the plants; in orange-groves small heaps 
of cotton-seed will be found useful, as well as pieces of sugar-cane. 
The insects that collect upon these traps can be destroyed with hot 
water. 


The species whose range extends farthest north is Euryophthdlmus 
succinctus. ‘This is found from New Jersey south to Florida and 
west to Arizona. It is brownish black, with the lateral and 
hind margins of the prothorax, the costal margin of the hem- 
elytra, and the edge of the 
abdomen, margined with orange 
or red. It measures about 15 
mm. in length. 


Famity LYGAIDA& 


; 5 Fig. 447.—Hemelytron of Lygeus 
The Chinch-Bug Family ime i; se 


The Lygeeide is one of the larger families of the Hemiptera. It 
includes certain forms which closely resemble members of the pre- 
ceding family in size, form, and strongly contrasting colors. But the 
great majority of the species are of smaller size and less brightly col- 
ored; and all differ from that family in presenting distinct ocelli. The 
membrane of the hemelytra is furnished with four or five simple veins, 
which arise from the base of the membrane; sometimes the two inner 
veins are joined to a cell near the base (Fig. 447). 


Nearly two hundred species belonging to this family have been 
found in our fauna; these represent fifty-five genera and seven 
subfamilies. Although these insects feed on vegetation, they have 
attracted but little attention as pests of cultivated plants excepting 
the following species. 
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The chinch-bug, Blissus leucépterus—This well-known pest of 
grain-fields is a small bug, which when fully grown measures a little 
less than 4 mm. in length. It is blackish in color, with conspicuous, 
snowy white hemelytra. There is on the costal margin of each 
hemelytron near the middle of its length a black spot; from each of 
these spots there extends towards the head a some- 
what Y-shaped dusky line. The body is clothed 
with numerous microscopic hairs. In Figure 448 
this insect is represented natural size and enlarged. 
The species is dimorphic, there being a short-winged 
form. 

There are two generations of the chinch-bug each Fig. 448.—Blissus 
year. The insects winter in the adult state, hiding — feucopterus. 
beneath rubbish of any kind; they even penetrate 
forests and creep under leaves, and into crevices in bark. In early 
spring they emerge from their winter quarters and pair; soon after, 
the females begin to lay eggs; this they do leisurely, the process being 
carried on for two or three weeks. Theeggsare yellowish;about 500 
are laid by a single insect; they are deposited in fields of grain, be- 
neath the ground upon the roots, or on the stem near the surface. 
The eggs hatch in about two weeks after being laid. The newly 
hatched bugs are red; they feed at first on the roots of the plant 
which they infest, sucking the juices; afterwards they attack the 
stalks. The bugs become full-grown in from forty to fifty days. 
Before the females of this brood deposit their eggs, they leave their 
original quarters and migrate in search of a more abundant supply 
of food. About this time the wheat becomes dry and hard; and the 
migration appears to be a very general one. Although the insects 
sometimes go in different directions, as a general rule the masses 
take one direction, which is towards the nearest field of oats, corn, or 
some other cereal or grass that is still in a succulent state. At this 
time many of the bugs have not reached theadult state; and even in 
the case of the fully winged individuals the migration is usually on 
foot. In their new quarters the bugs lay the eggs for the second or 
fall brood. 

The methods of control of this pest that are used are the fol- 
lowing: the burning in autumn of all rubbish about fields, in fence 
corners, and in other places where the bugs have congregated to 
pass the winter; the stopping of the marching of the spring brood 
into new fields by means of a furrow or ditch with vertical sides, and 
with holes like post-holes at intervals of a few rods in the bottom of 
the furrow or ditch, in which the bugs are trapped; the use of a 
line of gas-tar on the ground to stop the marching of the spring 
brood; in some cases kerosene emulsion has been used to advantage; 
the sowing of decoy plots of attractive grains in early spring, and the 
later plowing under of the bugs and their food and harrowing and 
rolling the ground to keep the bugs from escaping; and the artificial 
dissemination of the fungus Sporotrichum globuliferum, which is the 
cause of a contagious disease of the chinch-bug. 
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Famity NEIDIDAi 
The Stilt-Bugs 


The family Neidide consists of a small number of species, which 
on account of their attenuated forms are very striking in appearance 
(Fig. 449). The body is long and narrow; 
the legs and antenne are also long and 
extremely slender. There is a transverse 
incision in the vertex in front of the ocelli. 
The antennz are four-jointed, elbowed at 
the base of the second segment, and with 
the tip of the first segment enlarged. The 
beak is four-jointed; and the membrane 
of the hemelytra is furnished with a very 
few veins. 

Only eight species of this family have 
been found in our fauna; but these repre- 
sent six genera. Only two of the species 
are widely distributed in the United 
States and Canada. ‘These are sluggish 

insects, found in the undergrowth of 
Fig. 449.—Jalysus spinosus. woods and in meadows and _ pastures. 

Jalysus spinésus.—This is the best- 
known member of this family. It is distributed from the Atlantic to 
the Pacific in both the United States and Canada. Itisas slender asa 
crane-fly (Fig. 449) and of a pale tawny color. The front of the head 
tapers off to an almost acute, upturned point. An erect spine projects 
from the base of the scutellum, and another from each side of the 
mesopleura, just in front of the posterior coxe. The body is about 
8 mm. in length. 

Jalysus perclavatus —This is one of the southern members of the 
family, but it has been found in New Jersey and the District of 
Columbia. It is smaller than the preceding species; the length of 
the male is 5 mm., of the female 6mm. There is an erect spine be- 
tween the bases of the antenne; and the last segment of the antennz 
is shorter and thicker than in /. spinosus. 

Néides muticus—Like Jalysus spinosus, this species is found from 
the Atlantic to the Pacific in both the United States and Canada. 
It lacks the spines of the scutellum and thorax; and the front of the 
head is bent down, in the form of a little horn. 

The other representatives of this family in our fauna are found in 
Florida, Arizona, New Mexico, and California. 


Famity ARADIDA 
The Flat-Bug s 


The members of this family are very flat insects; in fact they 
are the flattest of all Hemiptera. They live in the cracks or beneath 
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the bark of decaying trees; and the form of the body is especially 

adapted for gliding about in these cramped situations. They are 

usually dull brown or black; sometimes they are varied with reddish 

or pale markings. The hemelytra are usually well 

developed, with distinct corium, clavus, and mem- 

brane; but they are reduced in size, so that when 

folded they cover only the disk of the abdomen (Fig. 

450). Ocelli are lacking; the antenne are four-jointed; 

the tarsi are two-jointed; and the beak is four-jointed, 

but often apparently three-jointed. Fig. 450.—Ar- 
These insects are supposed to feed upon fungi or adus acutus. 

upon the juices of decaying wood and bark. The 

family is well represented in this country; fifty-nine species, repre- 

senting nine genera, are now known, and doubtless many remain to 

be discovered. 


Famity COREIDA 
The Squash-Bug Family 


The members of this family vary greatly in form. Some of the 
species are among the most formidable in appearance of all of our 
Hemiptera; while others are comparatively weak and inconspicuous. 
The family is characterized as 
follows: the antennz are insert- 
ed above an ideal line extending 
from the eye to the base of the 
rostrum, and are four-jointed; 
the vertex is not transversely im- 

: ae is pressed; the ocelli are present; 

Bee oe emelyicon of Leptocoris ee ee ae 

_ scutellum is small or of medium 

size; the hemelytra are usually complete and composed of clavus, 

corium, and membrane; the membtane is furnished with many veins, 

which spring from a transverse basal vein, and are usually forked 
(Fig. 451); the tarsi are three-jointed. 

This is a large family; one hundred and twenty- 
four species, representing forty-eight genera, have 
been found in our fauna. It contains both vegetable 
feeders and carnivorous forms; in some cases the same 
species will feed upon both insectsand plants. ‘The 
most common and best-known species is the following. 

The squash-bug, Anzsa tristis—The form of the 
body of the adult insect is represented in Figure 452. 
In this stage the insect appears blackish brown above 
and dirty yellow beneath. The ground color is really Fig.452.—-Anasa 
ochre-yellow, darkened by numerous minute black tristts. 
punctures. Upon the head are two longitudinal 
black stripes; the lateral margins of the prothorax 
are yellow, owing to the absence of the punctures along a narrow 
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space; and the margin of the abdomen is spotted with yellow from. 
a similar cause; the membrane of the hemelytra is black. 

This species winters in the adult state. 
In early summer it lays its eggs in little 
patches on the young leaves of squash and 
allied plants. The young bugs are short 
and more rounded than the adult insects. 
There are several generations of this 
species each year. 

This is one of the most annoying of 
the many pests of the kitchen-garden; 
and, unfortunately, no satisfactory meth- 
od of control has been devised. Theegg 
masses are conspicuous and can be col- 
lected and destroyed; the young nymphs 
can be killed by spraying with 10% 
kerosene emulsion; the adults can be 
trapped under bits of boards and stones; 
and many nymphs can be killed by de- 
Fig. 453.—Acanthocephala  stroying the vines as soon as the cropis 

femorata. (From Glover.) harvested: 

Acanthocéphala femorata (Fig. 453) will serve as an example of 
one of the larger members of this family. This species is distribut- 
ed from North Carolina to Florida and Texas. It has been known 
to destroy the cotton-worm, and is said to injure the fruit of the 
cherry by puncturing it with its beak and sucking the juices. 


Famity PENTATOMIDAE 


The Stink-Bug Family 


With the Pentatomide we reach a series of families, three in 
number, in which the antenne are usually five-jointed, differing in 
this respect from all of the preceding families. The 
form of the body presented by the great majority of 
the members of the Pentatomide is well shown by 
Figure 454. It is broad, short, and but slightly convex; 
the head and prothorax form a triangle. The scutellum 
is narrowed behind; it is large and in a few forms nearly 
covers the abdomen. The tibiz are unarmed or are 
furnished with very fine short spines. 

As with the Coreide, the members of this family Fig. 454.—A 
vary greatly in their habits; some are injurious to Pentatomid. 
vegetation; others are predacious; while some species 
feed indifferently upon animal or vegetable matter. Some species 
are often found on berries and have received the popular name of 
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stink-bugs on account of their fetid odor, which they are apt to 
impart to the berries over which they crawl. This natiseous odor is 
caused by a fluid which is excreted through two openings, one on 
each side of the lower side of the body near the middle cox. 

The harlequin cabbage-bug, Murgdntia histriontica.—Among the 
species of the Pentatomide that feed upon cultivated plants, the 
harlequin cabbage-bug or “‘calico-back” is the most important pest. 
It is very destructive to cabbage and other cruciferous plants in the 
Southern States and on the Pacific Coast. It is black, with bands, 
stripes, and margins of red or orange or yellow. Its bizarre coloring 
has suggested the popular names given above. The full-grown bugs 
live through the winter, and in the early spring each female lays on 
the under surface of the young leaves of its food-plants about twelve 
eggs in two parallel rows. The eggs are barrel-shaped and are white 
banded with black. The young bugs are pale green with black spots. 
They mature rapidly; and it is said that there are several generations 
in one season. 

This is an exceedingly difficult species to contend against. Much 
can be done by cleaning up the cabbage stalks and other 
remnants as soon as the crop is harvested, and, in the 
following spring, trapping the bugs that have hiber- 
nated by placing turnip or cabbage leaves in the in- 
fested gardens or fields, or by planting trap-crops of 
mustard or other cruciferous plants. The bugs that 
are not collected by these methods and their eggs 
should be collected by hand; this can be easily done Fig. 455. Pod- 
as both the bugs and their eggs are conspicuous. a eee 

As if to atone for the destruction caused by their Gioyer.) 
relative, the harlequin cabbage-bug, there are many 
members of this family that aid the agriculturist by destroying 
noxious insects. The species of the genus Podisus have been reported 
often as destroying the Colorado potato-beetle, currant worms, and 
other well-known pests. Figure 455 represents a member of this 
genus, Podisus maculivéntris 


Famity CYDNID 
The Burrower-Bugs and the Negro-Bugs 


The Cydnidz is the second of the series of families in which the 
antenne are five-jointed. In this family the outline of the body is 
more generally oval, rounded, or elliptical, and the form more convex, 
than in the Pentatomide. The scutellum is large but varies greatly 
in size and in outline. Each lateral margin of the scutellum is fur- 
nished with a furrow into which the margin of the hemelytron of 
that side fits. In this respect the Cydnidz agrees with the preceding 
family and differs from the following one. The tibiae are armed with 


trong spines. ee 
; The oe, includes two well-marked subfamilies. 
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SuBFAMILY CYDNIN/® 
The Burrower-Bugs 


The subfamily Cydninz includes the greater number of the mem- 
bers of the Cydnidz found in the United States and Canada; of these 
there are twenty-nine species now listed, representing 
nine genera; most of these are restricted to the South 
and the Far West. 

In this subfamily the scutellum is either broad 
and bluntly rounded, or triangular with the apex 
pressed down. ‘The species are generally black or 


Fig. 456.— very dark brown. They are found burrowing in 
Cyrtome- sandy places, or on the surface of the ground beneath 
Te sticks and stones, or at the roots of grass and other 


herbage. A European species is said to suck the sap 
from various plants near the ground. It is desirable 
that further observations be made upon the habits of this subfamily. 

Figure 456 represents Cyrtémenus mirabilis, a species found in the 
South and the Southwest. 


SUBFAMILY THYREOCORINA 
The Negro-Bugs 


The subfamily Thyreocorine is represented in our fauna by a 
single genus, Thyredcoris, of which sixteen species have been found 
in this country. They are mostly black and beetle-like 
in appearance, some have a bluish or greenish tinge, 
and all are very convex. The body is short, broad, 
and very convex, in fact almost hemispherical. The 
scutellum is very convex and covers nearly the whole 
of the abdomen. 

These insects infest various plants, and often in- Fig. 457.— 
jure raspberries and other fruits by imparting a dis- Phyreo 
agreeable, bedbug-like odor to them. A common and 0% “” 
widely distributed species is Thyreocoris ater (Fig. 457). Another 
species often found on berries is T. pulicarius; this species is some- 
times a serious celery pest. It is shiny black and has a white stripe 
on each side of the body; it measures 3 mm. in length. 


Famity SCUTELLERIDZ 
The Shield-backed Bugs 


The members of this family are turtle-shaped bugs; that is, the 
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body is short, broad, and very convex. The scutellum is very large, 


covering nearly the whole of the abdomen. The 
lateral margins of the scutellum are not furnished 
with grooves for receiving the edges of the hemelytra 
as is the case in the two preceding families. The 
tibia are smooth or furnished with small spines. 
Figure 458 represents Eurygaster alternatus somewhat 
enlarged, and serves to illustrate the typical form of 
-members of this family. 

The family is represented in this country by 
fourteen genera including twenty-six species. I have 
met no account of any of our species occurring in 
sufficient numbers to be of economic importance. 


POR 
GON 


Fig. 458.—Eury- 
gaster alterna- 
tus. 


CHAPTER XXI 
ORDER HOMOPTERA* 
Cicadas, Leaf-Hoppers, Aphids, Scale-Bugs, and others 


The winged members of this order have four wings, except in the 
family Coccide; the wings are of the same thickness throughout, and 
usually are held sloping at the sides of the body when at rest. The 
mouth-parts are formed for piercing and sucking; the beak arises from 
the hind part of the lower side of the head. The metamorphosis 1s gradual 
except in some highly specialized forms. 


Although the Homoptera is a well-defined order, the families of 
which it is composed differ greatly in the appearance of their members. 
For this reason there is no popular name that is applied to the order 
as a whole. 


The Homoptera was formerly regarded as a suborder of the Hemip- 
tera, that order being divided into two suborders, the Heteroptera 
and the Homoptera. But these two groups of insects differ so mark- 
edly in structure that it seems best to regard them as distinct orders. 
The Hemiptera is, therefore, restricted to what was formerly known 
as the suborder Heteroptera, and the suborder Homoptera is raised 
to the rank of a separate order. 


The wings of the Homoptera are usually membranous, but in 
some the front wings are subcoriaceous. In these cases, however, they 
are of quite uniform texture throughout, and not thickened at the 
base as in the Hemiptera. 

Many wingless forms exist in this order; in the family Coccide 
the females are always wingless; and in the family Aphidide the 
males may be either winged or wingless, while the sexually perfect 
females and certain generations of the agamic females are wingless. 
In the Coccidz the males have only a single pair of wings, the hind 
wings being represented by a pair of club-like halteres. Each of 
these is furnished with a bristle, which is hooked and fits in a pocket 
on the hind margin of the fore wing of the same side. 

In several of the families of the Homoptera the wing-venation is 
greatly reduced; and even in the case of the more generalized forms, 
if only the wings of adults be studied the venation of these wings 
appears to depart widely from the hypothetical primitive type; 
but by examining the trachee that precede the wing-veins in the 
wings of the nymphs, it is easy to determine the homologies of the 
wing-veins. ‘This has now been done in the case of representatives of 
each of the families. The most generalized condition was found in 
the wings of a cicada, which will serve as the type of homopterous 
wing-venation. 


— 


*Homoptera: homos (646s), same, pteron (mrepév), a wing. 
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Figure 459 represents the tracheation of the fore wing of a 
young nymph of a cicada. The dotted line a—b indicates approximate- 
ly the line along which 
the hinge of the wing & 
of the adult is formed. 

In this wing the only 
departures from the 
typical branching of 
the trachee are the 
following: trachea R, 
coalesces with the ra- 
dial sector to a point 
beyond the separation 

of trachea R 4+; from 
the sector; the first 
anal trachea coalesces 
with trachea Cu for a 
short distance; and 
the second and third 
anal trachee are unit- 4. : . 

iE d Mii back I heee ae pen ehion of a fore wing of a young 
differences are remark- 

ably slight compared with the great changes that have taken place 
in the specialization of the mouth-parts and other organs of the 
adult cicada. 


Figure 460 represents the fore wing of a mature nymph ofa cicada. 
In this wing trachea Ry is completely aborted. In fact one of the 


Fig. 460.—Tracheation of a fore wing of a mature nymph of a cicada. 


most characteristic features in the venation of the Homoptera, 
and of the Hemiptera also, is the absence or very great reduction 
of vein R, in the adult wings of most members of these two orders. 
In the stage represented in this figure the developing cross-veins 


appear as pale bands. 
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Figure 461 represents the wings of an adult cicada. In this figure, 
where the veins are not numbered their homologies are indicated by 
the numbering of the cells behind them. In the adult wing there 
is a massing of several veins along the costal margin of the wing, 
and the cross-veins have the same appearance as the branches of 
the primary veins. 

Further details regarding the development of the wings of a cicada, 
and accounts of the development of the wings of representatives 
of other families of the Homoptera, are given in “‘The Wings of 
Insects’” (Comstock ’18). 

In the Homoptera the front part of the head is bent under and 
back so that the beak arises from the hind part of the lower side of 
the head. There is no distinct neck; and so closely is the head 
applied to the thorax that usually the front cox are in contact 


Fig. 461.—The wings of a cicada, 


with the sides of the head, and in many forms the beak appears to 
arise from between the front legs. 

The mouth-parts are formed for piercing and sucking. The 
piercing organs consist of four long, bristle-like sete, the mandibular 
and maxillary sete; these are enclosed in a long, jointed sheath, 
which is the labium. The labium and the enclosed setz constitute 
what is commonly termed the beak. 

The beak, however, corresponds to only a portion of the mouth- 
parts of a chewing insect, each mandibular and maxillary seta being 
only a part of a mandible or maxilla; in each case another part of 
the organ enters into the composition of the head-capsule. 

As an example of the homopterous type of head and mouth-parts 
those of a cicadaare probably the most available, on account of the 
large size of these insects and the comparative ease with which the 
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parts of the head can be distinguished. Figure 462 represents a lateral 


Fig. 462.—Head and prothorax of a Fig. 463.—Head of a cicada, front view: 
cicada, lateral aspect: a, antenna; md, mandibular seta; mx, maxillary 
c, clypeus; e, compound eye; ep, seta; other letters as in Fig. 462. 
epipharynx; /, labrum; 0, ocelli; 2, (After Marlatt, with changes in the 
3, second and third segments of the lettering.) 
labium. (After Marlatt, with changes 
in the lettering.) 

view of the head and prothorax of a cicada, and Figure 463 a front view. 

The corresponding parts are 

lettered the same in the two 

figures. 

The compound eyes “5 

(Figs. 462 and 463,e),the an- 

tennz (Figs. 462 and 463, a), 

and the three ocelli (Figs. 

466 and 467, 0),can be easily 

recognized and need not be 

described in detail. 

The front is a small scle- 

rite near the summit of the 

head. It can be most easily Fig. 464.—Part of the exuvie of the head of 

recognized by the fact that a nymph of a cicada: a, antenne; as, 

it bears the median ooellus. saienpél eles: ¢. clypete«) ¢, Som 

In the adult insect the su-  Bertese.) 

ture between it and the ver- 

tex is indistinct; but in the exuvice of a nymph, where the epicranial 

suture has been opened by the emergence of the adult, the outline 

of this sclerite is evident (Fig. 464). In many homopterous insects 
the front is vestigial or wanting. 

The vertex (Figs. 462 and 463, v) bears the paired ocelli. _ 

The clypeus (Figs. 462 and 463, c) is very large, occupying the 
greater part of the anterior surface of the head. In several of the 


as 
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published accounts of the head of homopterous insects the clypeus 
has been incorrectly identified as the front. 

The labrum (Figs. 462 and 463, 1) is joined to the lower end of the 
clypeus; at its distal end it forms a sheath covering the base of the 
labium and the enclosed sete. This part is described as the clypeus 
by those who have incorrectly identified the clypeus as the front. 

The epipharynx (Figs. 462 and 463, é) arises at its normal position 
on the ental surface of the labrum; but it is greatly developedand 
projects beyond the end of the labrum. The projecting part has been 

mistaken for the labrum by 

IGS some writers, those who 

have failed to recognize the 

front and have termed the 

clypeus the front and the 
labrum the clypeus. 

The mandtbular sclerites 
are easily recognized in the 
cicada. On each lateral as- 
pect of the head there are 
two quite distinct sclerites; 
the one that is next to the 
clypeus and the base of the 
labium is the mandibular 
sclerite (Figs. 462and 463,x). 
This sclerite is termed the 
lora by some writers on the 
Homoptera. 

Themandibular sclerites 
are believed to be in each 
case the basal part of a man- 
dible. They were first rec- 
ognized as such by Profes- 
sor J. B. Smith ('92); and 
this conclusion has been 
adopted by Marlatt (’9s), 
Fig. 465.—Caudal view of the headof a cicada, Heymons (99), Meek (03) 

with part of the head-capsule and muscles re- Berlese (oo), and Buonion 
moved so as to show the left mandible and ae. S 
the right maxilla. (From Meek.) and Popoff (11). On the 
other hand, Muir and Ker- 
shaw (’12) regard the lore as “lateral developments of the clypeal 
region” and not parts of mandibles. 

The structure of the mandible as a whole has been worked out by 
Meek (’03) and is shown in the left half of Figure 465. Within the 
cavity of the head the maxillary seta is enlarged,and to it are attached 
a retractor muscle (mdr) and a protractor muscle (mdp). ‘The seta is 
attached to the dorsal end of the mandibular sclerite (Fig. 465, mds) 
by a quadrangular sclerite (Fig. 465, co). 

_ The maxillary sclerites (Figs. 462 and 463, y) are closely parallel 
with the mandibular sclerites, but extend farther down, joining the 
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terminal part of the labrum. Each maxillary sclerite is a part of a 
maxilla. This is clearly shown by the fact that in the embryo each 
maxilla is at first a bilobed appendage; from one of these lobes the 
maxillary sclerite is developed, and from the other the maxillary seta 
(see Heymons ’99). In the adult insect the maxillary sclerites are 
not separated from the epicranium by sutures as are the mandibular 
sclerites (Figs. 462 and 463). 

The form and relations of the different parts of a maxilla, as 
worked out by Meek (’03), are shown in the right half of Figure 465. 
From the enlarged base of the maxillary seta a crescent-shaped 
sclerite (Fig. 465, ca) extends to the maxillary sclerite (Fig. 465, mxs). 
In this figure the maxillary retractor muscles (mxr), the maxillary 
protractor muscles (mxp), and a tendon (mc) connecting the crescent- 
shaped sclerite with the tentorium, are also represented. 


It is interesting to note the similarity in the structure of the 
mandibles and the maxillz. Each consists of a basal part which forms 
a portion of the wall of the head; a terminal piercing organ, the 
seta; and a sclerite connecting these two parts. 

The labium forms the outer wall of the beak; it consists of three 
segments; the second and third are lettered in Figures 462 
and 463. The proximal segment is probably homologous with the 
submentum of the chewing insect mouth; the second segment, with 
the mentum; and the third segment, with the ligula (see footnote, 
page 354). ‘The dorsal surface of the labium, which is the lower 
surface,isdeeply 
grooved, forming a 
channel which enclos- 
es the mandibular and 
maxillary sete. 

The labium, which 
is all that is commonly 
seen of the beak in 
either hemipterous or 
homopterous insects, 
is not a piercing or- 
gan; it is not pushed 
into the food sub- 


peng) gate eee Fig. 466.—Cross-section of the third segment of the 
but serves merely asa “oak of a cicada: lab, labium; md, mandibular 
sheath for the mandib- seta; mx, maxillary seta; /, /, lumina in the seta. 


ular and maxillary (From Meek.) 

setz, which are the 

piercing organs and which are worked by the protractor and retractor 
muscles within the head (Fig. 465). _ 

Figure 466 represents a cross-section of the third segment of the 
beak of a cicada as figured by Meek (03), and shows the relation of 
the labium to the mandibular and maxillary sete. Each seta is 
crescent-shaped in cross-section; the mandibular sete lie outside of 
the maxillary sete; the maxillary sete, which extend side by side at 
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the base of the beak, are twisted so that at this point one lies above 
the other. The two are fastened together by interlocking grooves 
and ridges; and between them isa channel for the passage of the food. 
Within each of the four setz, there is a lumen (Big: 466, l, Ll). 

The hypopharynx is a funnel-shaped, chitinized organ found near 
the base of the ental surface of the labium, at the end of the pharynx. 

The nature of the metamorphosis differs to a considerable degree 
in the different families; in most cases it is gradual, but marked 
modifications of this type have been developed in the Aleyrodidz 
and in the Coccide. 

The members of this order feed on vegetation and to it belong 
some of our more important insect pests. 

This order includes ten families, which are designated as follows: 

The Cicadas, Family CIcADIDA&, p. 4or. 

The Spittle-insects, Family CERCOPID, p. 402. 

The Tree-hoppers, Family MEMBRACIDA, p. 404. 

The Leaf-hoppers, Family CICADELLIDA&, p. 406. 

The Lantern-fly Family, Family FULGORIDA, p. 408. 

The Jumping Plant-lice, Family CHERMID&, p. 410. 

The Typical Aphids, Family APHIDIDA, Pp. 415. 

The Adelgids and the Phylloxerids, Family PHYLLOXERID&, p. 428. 

The Aleyrodids, Family ALEYRODID42, p. 437. 

The Scale-bugs, Family Coccip&, p. 440. 


TABLE FOR DETERMINING THE FAMILIES OF THE HOMOPTERA 


A. Beak evidently arising from the head; tarsi three-jointed; antennze minute, 
bristle-like. 


B. With three ocelli, and the males with musical organs. Usually large 
insects, with all the wings entirely membranous. p. 401.....CICADIDA 
BB. Ocelli only two in number or wanting; males without musical organs. 
C. Antennze inserted on the sides of the cheeks beneath the eyes. p. 408 
EAC oS ion As CIS or RIE ANE Se cats Bai FULGORIDZ 

CC. Antenne inserted in front of and between the eyes. 

D. Prothorax not prolonged above the abdomen. 

E. Hind tibiz armed with one or two stout teeth, and the tip crowned 
TALULA SHOR OMNIS, DAKO, gomncosceduadns cad oad CERCOPID 
EE. Hind tibize having a row of spines below. p. 406. CICADELLID& 
DD. Prothorax prolongedinto a horn or point above the abdomen. p. 404 
nis) 5 (oy SAStw nelle Suey Wap Sh aveyssS.0h yen. Goepemarer te Ord eee MEMBRACID 


AA. Beak apparently arising from between the front legs, or absent; tarsi one- or 


two-jointed; antennz usually prominent and threadlike, sometimes 
wanting. 


B. Tarsi usually two-jointed; wings when present four in number. 
C. Wings transparent. 
D. Hind legs fitted for leaping; antennz nine- or ten-jointed. Pp. 410.. 


siyeh beso ah Sasi Sifsg SNS AE IS Ce hates on Shc Esa oe CRS eR, CHERMIDZ 
DD. Legs long an slender, not fitted for leaping; antenne three- to 
SEVEN] OMILEC A 12 are cee terete ete eet Superfamily APHIDOIDEA 


CC. Wings opaque, whitish; wings and body covered with a whitish 
POWOERS « PX437 TSI lee ites erg beeta se sham aie meaner eran ALEYRODID& 
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BB. Tarsi usually one-jointed; adult male without any beak, and with only 
two wings; female wingless, with the body either scale-like or gall-like in 
form, or grub-like and clothed with wax. The waxy covering may be in the 
form of powder, of large tufts or plates, of a continuous layer, or of a 
thin scale beneath which the insect lives. p. AAO ® vetalerid aus Coccipas 


Fimity CICADIDA& 
The Cicadas 


The large size and well-known songs of the more common species 
of this family render them familiar objects. It is only necessary to 
refer to the periodical cicada and to the harvest- 
flies, one of whichis represented by Figure 467, 
to give an idea of the more striking character- 
istics of thisfamily. We have species of cicadas 
much smaller than either of these; but their 
characteristic form is sufficient to distinguish 
them from members of the other families of 
this order. 

The species are generally of large size, with 
a subconical body. The head is wide and blunt, 
with prominent eyes on the outer angles, and 
three bead-like ocelli arranged ina triangle be- 
tween the eyes. Thestructure of the mouth- 
parts is described on an earlier page and illus- 
trated by several figures; and the form and 
venation of the wings are shown by Figure 461. 

Fig. 467.—Tibicen lin- 
net. 


But the most distinctive peculiarity is the form 
of the musical organs of themales;anexampleof 4; 
these is described and figured on pages 89 to grt. 


The family Cicadidz is well represented in this country; seventy- 
four species, representing sixteen genera, are now listed from our 
fauna. The two following species will serve as illustrations. 


There are several species of cicadas that are commonly known as 
dog-day cicadas or harvest-flies; the most abundant of these is the 
species that has received the popular name of the lyreman; this is 
Tibicen linnéi (Fig. 467). The shrill cry of this species, which is the 
most prominent of the various insect sounds heard during the latter 
part of the summer, has brought its author into prominent notice. 
This insect varies both in sizeand colors. It commonly measures 50 
mm. to the tip of the closed wings; it is black and green, and more or 
less powdered with white beneath. The transformations of this 
insect are similar to those of the following species, except that it 
probably completes its development in a much shorter period. It 
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differs also in seldom, if ever, occurring in sufficient numbers to be 
of economic importance; but a brood of it appears each year. 


The member of this family that has attracted most attention is 
the periodical cicada, Tibicina septéndecim. ‘This species is commonly 
known as the seventeen-year locust; but the term locust when applied 
to this insect is a misnomer, the true locusts being members of the 
order Orthoptera. The improper application of the term locust to 
this species was doubtless due to the fact that it appears in great 
swarms, which reminded the early observers in this country of the 
hordes of migratory locusts or grasshoppers of the Old World. This 
species is remarkable for the long time required for it to attain its 
maturity. The eggs are laid in the twigs of various trees; the female 
makes a series of slits in the twig, into which the eggs are placed. 
Sometimes this cicada occurs in such great numbers that they seriously 
injure small fruit trees, by ovipositing in the twigs and smaller 
branches. The nymphs hatch in about six weeks. They soon volun- 
tarily drop to the ground, where they bury themselves. Here they 
obtain nourishment by sucking the juices from the roots of forest and 
fruit trees. And here they remain till the seventeenth year following. 
They emerge from the ground during the last half of May, at which 
time the empty pupa-skins may be found in great numbers, clinging 
to the bark of trees and other objects. It is at this period that the 
cicadas attract attention by the shrill cries of the males. The insects 
soon pair, the females oviposit, and all disappear in a few weeks. 

More than twenty distinct broods of this species have been traced 
out; so that one or more broods appear somewhere in the United 
States nearly every year. In many localities, several broods co-exist; 
in some cases there are as many as seven distinct broodsinthesame 
place, each brood appearing in distinct years. There is a variety of 
the species in which the period of development is only thirteen years. 
This variety is chiefly a southern form, while the seventeen-year 
broods occur in the North. 


Famity CERCOPIDA® 


The Spittle-Insects or Frog-Hoppers 


During the summer months one often finds upon various shrubs, 
grass, and other herbs, masses of white froth. In the midst of each of 
these masses there lives a young insect, a member of this family. 
In some cases as many as four or five insects inhabit the same mass 
of froth. It is asserted that these insects undergo all their trans- 
formations within this mass; that when one is about to molt for the 
last time, a clear space is formed about its body and the superficial 
part of the froth dries, so as to form a vaulted roof to a closed chamber 
within which the last molt is made. 


The adult insects wander about on herbage, shrubs, and trees. 
They have the power of leaping well. The name frog-hoppers has 
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douvtless grown out of the fact that formerly the froth was called 
“‘frog-spittle” and was supposed to have been voided by tree-frogs 
from their mouths. The name is not, however, inappropriate, for 
the broad and depressed form of our more common species is somewhat 
like that of a frog. 


The origin and formation of the froth of spittle-insects has been 
discussed by many writers. Guilbeau (’o8) found by many experi- 
ments that the froth is derived from two sources. The greater part 
of the fluid is voided from the anus; to this fluid is added a mucilagi- 
nous substance which renders it viscous and causes the retention of 
air bubbles, which are introduced into it by the insect by means of its 
caudal appendages. The mucilaginous substance is the excretion of 
large hypodermal glands, which are in the pleural region of the 
seventh and eighth abdominal segments. These are known as the 
glands of Batelli; they open through numerous minute pores in the 
cuticula. 

It is evident that the covering of froth protects the spittle-insects 
from parasites and other enemies. 

In this family the antenne are inserted in front of and between 
the eyes; the prothorax is not prolonged back of the abdomen, as in 
the Membracide; the tibiz are armed with one or two ys 
stout teeth, and the tip is crowned with short, stout i 
spines, as shown in Figure 468. 

The Cercopide is represented in our fauna by six 
genera, which include twenty-five species. The follow- Fig. 468.—Le- 
ing species will serve as examples. Pry My rE Ue 

One of the more common and very widely distribut- boris Wee 
ed species is Lepyrénia quadrangularts (Fig. 468). The ral size, and 
adult of this species is a brownish insect, densely one tibia en- 
covered with microscopic hairs, and black beneath;  ‘@rged. 
the hemelytra are marked with two oblique brown bands, which 
are confluent near the middle of the costal margin; the humeral 
region is dusky; and the tip of each hemelytron is marked with a 
small blackish curve; the ocelli are black, but indistinct. This 
species measures from 6 mm. to 8 mm. in length. 

Somewhat resembling the preceding species, and also common 
and widely distributed, is Aphréphora quadranotata. In this species 
the body is pale; the hemelytra are dusky, each with two large hya- 
line costal spots, margined with dark brown; the ocelli are blood-red; 
and the head and pronotum are furnished with a slightly elevated, 
median, longitudinal line. 

To the genus Clastéptera belong certain other common members 
of this family. In this genus the body is short and plump, some- 
times nearly hemispherical; the species are small, our common forms 
ranging from 3 mm. to 6 mm. in length. Clastoptera proteus is a 
conspicuous species on account of its bright yellow markings. it 
varies greatly in color and markings; but the most striking forms 
are black, with three transverse yellow bands, two on the head and 
one on the thorax, and with the scutellum and a large oblique band 
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on each hemelytron yellow. Another common species is Clastoptera 
obtusa. This occurs on black alder in summer and autumn. It is ofa 
claret-brown color above, marked with two pale bands on the vertex, 
two on the prothorax, and a wavy, broader band on the hemelytra. 
The membrane is often whitish, the waved band is extended exteriorly, 
and there is a pale V-shaped figure on the end of the scutellum. 


Famity MEMBRACID/ 
The Tree-Hoppers 


The most useful character for distinguishing members of this 
family is the prolongation of the prothorax backward above the 
abdomen; some- 
times it extends 
back to the tip of 
the abdomenand 
completely cov- 
ers the wings. 
This develop- 
mentvote tive 
prothorax re- 
Semblesmmat 
which occurs in 
the pigmy lo- 
custs, the sub- 

querini. family Acrydiinze 

of the order Or- 
thoptera. In many of the Membracide, however, the prothorax is 
not only prolonged backward but is extended sidewise or upwards, 
with the result that in some cases the insect presents a most bizarre 
appearance; this is especially true of certain tropical forms; Figure 469 
represents two species found in Central America. 

Many species of the Membracide live upon bushes or small 
trees; othersinhabit grass and other herbaceous plants. Although 
these insects subsist upon the juices of plants, they rare- 
ly occur in sufficient numbers to be of economic impor- 
tance. Sometimes the females injure young trees by lay- 
ing their eggs in the bark of the smaller branches and in 
buds and stems. Many members of this family excrete 
honey-dew and are attended by ants, especially in the 
nymphal stages, as are the aphids. The adults are good Fig.470.—Cer- 
leapers; hence the common name tree-hoppers. esa bubalus, 

This family is well represented in this country; 
one hundred eighty-five species, representing forty-three genera, are 
now listed. Among our more common species are the following. 

_The Buffalo tree-hopper, Cerésa bibalus—The popular name of 
this species refers to the lateral prolongations of the prothorax, 
which suggest the horns of a buffalo (Fig. 470). The life-history of 
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this insect has been worked out by Funkhouser (’17). The nymphs 
feed on succulent herbs, particularly sweet clover; the eggs are laid 
on young trees, particularly elm and apple, the stems of which are 
injured by the egg-punctures. Oviposition occurs most commonly 
in early September, at Ithaca, N. Y. The eggs hatch early in the 
following May. The young nymphs leave the trees on which the 
eggs were deposited and migrate to succulent weeds. The early life 
of the adult is spent on the weeds; but later the females migrate to 
trees for egg-laying. 

The two-horned tree-hopper, Cerésa diceros——This species re- 
sembles the buffalo tree-hopper in size and form. It is a pale dirty 
yellow, spotted with brown; the lateral and caudal aspect of each 
horn is brown; the caudal tip of the prothorax, and a large spot 
midway between the tip and the horns, are also brown. The insect is 
densely clothed with hairs. It is common on black elder, Sambucus 
canadensis. Funkhouser followed the life-history from the egg to the 
adult on this plant. The eggs are laid about the middle of August 
in the second-year stems, and hatch about the middle of May. 

The two-marked tree-hopper, Enchendpa binotata.—In this spe- 
cies the pronotum is prolonged in an upward- and forward- projecting 
horn (Fig. 471). This insect is very abundant on trees, 
shrubs, andvines. It is gregarious,and both adult and 
immature forms are found clustered together. The e| 
eggs are usually laid in frothy masses, which are very ele 
white and appear like wax. Funkhouser states that F Ans oe) 
a variety of this species found on butternut lays its eggs spall bi- 
in the buds and does not cover them with the heavy  notata. 
froth. The specific name of this species refers to the 
fact there are two yellow spots on the dorsal line of the pronotum. 

Another very common species, and one that is closely allied to the 
preceding, is Campylénchia latipes. This is brownish, 
unspotted, and has a rather longer horn than that 
of the two-marked tree-hopper; but it varies much 
.in color and in the length of the pronotal horn. This 

is a grass-inhabiting species and is common in pastures 
“and especially on alfalfa. It is often taken by sweeping. 
Telaména.—To this genus belong our humpback 
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forms (Fig. 472), of which about thirty species have been found 
in our fauna. ‘They live chiefly on oaks, hickories, basswood, and 
other forest trees. The adults generally rest singly on the limbs 
and branches of the trees; they are strong flyers and are difficult to 
capture. The immature forms keep together in small groups. _ 

~ Figure 473 represents a front view of several membracids in our 


collection. 
Famity CICADELLIDA* 


The Leaf-Hoppers 


This family is a very large one, and it is also of considerable 
economic importance; for it includes a number of species that are 
very injurious to cultivated plants. The members of it are of small 
or moderate size. The antennz are inserted in front of 
and between the eyes; the pronotum is not prolonged 
above the abdomen; and the hind tibie are nearly 
or quite as long as the abdomen, curved, and 
armed with a row of spines on each margin. The form 
and armature of the hind tibiz are the most salient 
characters of this family. The form of the body is 
commonly long and slender, often spindle-shaped; but 
Fieve meee some are plump. 

eae Opa These insects are able to leap powerfully; and, as 

ASAI. they are more often found on the leaves of herbage 
and on grass than elsewhere, they have been named leaf-hoppers. 
They infest a great variety of plants; some of them are important 
pestsin gardens, orchards, and vineyards; but they are most destruc- 
tive as pests of grains and grasses. Although this is true, much 
less attention has been paid to injuries caused by them to grains 
and grasses than to those inflicted upon vineyards and rose bushes. 

More than seven hundred species, representing about seventy 
genera, havebeen found in the United Statesand Canada. Among the 
more important members of the family froman economic standpoint 
are the following. 

The destructive leaf-hopper, Eascelis exitidsus, which is repre- 
sented, greatly enlarged, in Figure 474, sometimes infests winter 
wheat to a serious extent. It is a widely distributed species, its 
range including nearly the whole of the United States. It is a 
small, active, brownish insect, which measures with its wings folded 
about 5mm. in length. It injures grass or grain by piercing the 
midrib of the leaf and sucking the juices from it. 

The grape-vine leaf-hopper, Erythronéura comes, is a well-known 
pest which infests the leaves of grape, in all parts of this country 
where this vine is grown. It is a little more than 3 mm. in length, 
and has the back and wings marked in a peculiar manner with yellow 
and red. In the winter the darker markingsare a dark orange-red, 
but after feeding has been resumed for a short time in the spring 
they change to a light lemon-yellow. Thedarkermarkings on the 


_*This family has been commonly known as the Jasside, but Cicadellide is the 
older name. 
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adults vary so much that eleven distinct varieties are now recognized ; 
two of these are represented at b and c in Figure 475. 

The rose leaf-hopper, Empoa rose, is a well-known pest of the 
rose. Swarms of these insects may be found, in various:stages of 
growth, on the leaves of 
the rose-bush through 
the greater part of the 
summer, and their nu- 
merous cast skinsmay be 
seen adhering to the low- 
er sides of the leaves; in 
fact attention is most fre- 
quently called to this 
pest by these white ex- 
uvie. The adult meas- 
ures less than 3 mm. in 
length. Its body is yel- 
lowish white, its wings 
are white and transpar- 
ent, and its eyes, claws, 
and ovipositor are brown. 

The apple leaf-hop- 
per, Empodsca fabe.—Al- 
though this species is Fig. 475.—Erythroneura comes: a and b, female 
named the apple leaf- and male of the typical comes variety; c, the 
hopper, it infests to anin- vitis variety. (From Slingerland.) 
jurious extent many dif- 
ferent plants, both cultivated and wild. Slingerland and Crosby (’14) 
state that it infests apple, currant, gooseberry, raspberry, potato, 
sugar-beets, beans, celery, grains, grasses, shade trees, and weeds. 
The adult insect measures about 3 mm. in length, and is of a_ pale 
yellowish green color with six or eight distinguishing white spots on 
the front margin of the pronotum. 

The genus Dreculacephala includes grass-green or pale green, 
spindle-shaped species, in which the head as seen from above is long 
and triangular. One of the species, D. reticulata, sometimes greatly 
injures fields of grain in the South. me 

The genus Oncometopia includes species in which the head is 
more blunt than in the preceding genus and is wider across the eyes 
than the thorax. O. undata (Fig. 476) is a common 
species. Its body, head, fore part of the thorax, scutel- 
lum, and legs are bright yellow, with circular lines of 
black on the head, thorax, and scutellum. The fore 
wings are bluish purple, when fresh, coated with 
whitish powder. It measures r2 mm. in length. It is 
Fig. 476. —On- said to lay its eggs in grape canes, and to puncture 

pues op14 ~ ith its beak the stems of the bunches of grapes, 
causing the stems to wither and the bunches to drop off. 

One division of this family, the subfamily Gyponine, includes forms 
which resemble certain genera belonging to the Cercopide by their 
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plump proportions. Among these are Pénthima americana, which is 
a plump, short-bodied insect, resembling a Clastoptera; and the genus 
Gypona includes a large number of species, some of which resemble 
very closely certain species of Aphrophora. A glance at the posterior 
tibize of these leaf-hoppers will enable one to distinguish them from 
the cercopids, which they so closely resemble. 

Methods of combating leaf-hoppers—Leaf-hoppers, being sucking 
insects, are fought with contact insecticides. But it is difficult to 
destroy the adults, for they are so well-protected by their wings that 
applications strong enough to kill them are liable to injure the foliage 
of the host-plant; and, too, they are very active and fly away when 
approached. The most effective remedial measures are those directed 
against thenymphs. Theseconsist of the use of some spray, as a ten- 
per-cent. kerosene emulsion or asoap solution made by dissolving one 
pound of soap in six or eight gallons of water, or a solution made of 
one ounce of “‘black leaf 40” tobacco extract andsix gallons of water 
in which has been dissolved a piece of soap the size of a hen’s egg. 
The application should be so applied as to wet the lower surface of 
every leaf. 


Famity FULGORIDA 


The Lantern-Fly Family 


This family is remarkable for certain exotic forms which it includes. 
Chief among these is the great lantern-fly of Brazil, Laternaria phos- 
phorea. ‘This is the largest species of the family and is one of the 
most striking in appearance of all insects (Fig. 477). It has immense 
wings, which expand nearly six inches; upon each hind wing there is 
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Fig. 477.—The lantern-fly, Laternaria phosphorea. 


a large eye-like spot. But the character that makes this insect es- 
pecially prominent is the form of the head. This has a great bladder- 
like prolongation extending forward, which has been aptly compared 
to the pod of a peanut. Maria Sibylla Merian, a careful observer, 
who wrote more than two hundred years ago (1705), stated that this 
prolongation of the head is luminescent. This statement was ac- 
cepted by Linnzus without question; and he made use of names for 
this and some allied species, such as laternaria, phosphorea, candelar- 
ta, etc., to illustrate the supposed light-producing powers of these 
insects. The common name lantern-fly is based on the same belief. 
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The Brazilian lantern-fly has been studied by many more recent 
observers, and all have failed to find that it is luminescent. It may 
bethat the individuals observed by Madame Merian were infested 
by luminescent bacteria, 
as has been observed to 
be the case occasionally 
in certain other insects. 
No member of this fam- 
ily is known to be lumi- 
nescent. 

The Chinese candle- Fig. 478.—Antenna of Megamelus notula. (After 
fly, Fulgoria candelaria, Hansen.) 
is another very promi- 
nent member of this family, which is commonly represented in col- 
lections of exotic insects and is often figured by the Chinese. This 
too has been reputed to give light. 

Certain fulgorids found in China excrete large 
quantities of a white, flocculent wax, which is used by 
the Chinese for candles and other purposes. 

a= ff There does not seem to be any typical form of the 
ee body characteristic of this family. The different genera 

iy differ so greatly that on superficial examination they 

appear to have very little in common. The most 

Fig. 479.— useful character for recognizing these insects is the 

Scolops. — form and position of the antenne. These are situated 

on the side of the cheeks beneath the eyes; the two 

proximal segments, the scape and pedicel, are stout (Fig. 478); the 

clavola consists of a small, nearly pear-shaped basal segment and a 

slender, segmented or un- 

segmented, bristle-like ter- 

minal part. The pedicel is 

provided with numerous 
sense-organs. 

So far as numbers are 
concerned this family is 
well represented in our 
fauna, three hundred fifty- 
seven species and seventy- 
pov cnl BOC having been Fig. 480.—Otiocerus coquebertit. (From Uh- 
listed; but our species are — jer.) 
all small compared with the 
exotics mentioned above. The following of our native genera will 
serve to illustrate some of the variations in form represented in this 
country. The species all feed on the juices of plants. 

Scolops.—In this genus the head is greatly prolonged (Fig. 479), as 
with the Chinese candle-fly. Our more common species, however, 
measure only about 8mm. in length. _ 

Otidcerus.—In this genus the body is oblong; the head is com- 
pressed, with a double edge both above and below. Ofiocerus coque- 
bértii (Fig. 480) is a gay lemon-yellow or cream-colored species, with 
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wavy red lines on the fore wings. It measures about 8 mm. ae ai 
tips of the wings, and lives upon the leaves of grape-vines, 0a S, an 


hickory. 
Ormenis.—In our common representatives 
of this genus the wing-covers are broad, and 
closely applied to each other in a vertical 
position; they are more or less truncate, and 
give the insects a wedge-shaped outline. Ok. 
septentrionalis (Fig. 481) is a beautiful, pale 
green species powdered with white, which 
feeds on wild grape-vines, drawing nourish- 
ment from the tender shoots and midribs of the 


Fig. 481.—Ormenis sep- 
tentrionalis. 


leaves, during its young stages. 


Famity CHERMIDA* 
The Jumping Plant-Lice 


The jumping plant-lice are small insects; many of them measure 
less than 2mm. in length; and the larger of our species, less than 5 mm. 


Fig. 482.—Psyl- 
lia. 


o+8e 


They resemble somewhat the winged aphids; but they 
look more like miniature cicadas (Fig. 482). They 
differ from aphids in the firmer texture of the body, 
in the stouter legs, in having the hind legs fitted for 
jumping, and in the antenne being ten-jointed or 
rarely nine- or eleven-jointed. The terminal segment 
of the antenne bears two thick sete of unequal length. 

Both sexes are winged in the adult. The front 
wings are ample, and, while often transparent, are much 
thicker than the hind wings. The homologies of the 
wing-veins of the fore wings of Psfllia floccésa are indi- 
cated in Figure 483. 
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Fig. 483.—The venation of a fore wing of Psyllia floccosa. (After Patch.) 
The beak is short and three-jointed. The basal segment of the 
beak is held rigidly between the fore coxe. 


_ *This family has been quite commonly known as the Psyllide, a result of an 
incorrect application pf the name Chermes to a genus of the Phylloxeride. 
\ 
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The jumping plant-lice are very active little creatures, jumping 


and taking flight when 
disturbed; but their 
flight is not a prolonged 
one. They subsist en- 
tirely upon the juices of 
plants; some species 
form galls; but it is rare 
that any of the species 
appear on cultivated 
plants in sufficient num- 
bers to attract attention, 
except in case of the pear- 
tree Psylla. 

The family Chermi- 
dz is of moderate size; 
in our latest list one- 
hundred thirty-seven 
species representing 
twenty-four genera, are 
enumerated from our 
fauna. The two fol- 
lowing species will serve 
to illustrate variations in 
habits of these insects. 

Pachypsylla céltidis- 
mamma.—This is a gall- 
making species which in- 
fests the leaves of hack- 


berry (Céltis occidentalis). 


Fig. 484.—Gall of Pachypsylla celtidis-mamma: 
a, leaf with galls, from under-side; b, section of 
gall enlarged and insect in cavity; c, nymph, 
enlarged. (From Riley.) 


Figure 484 represents an infested leaf 


with galls, and a single gall and a nymph enlarged. The adult insect 
(Fig. 485) has a wing expanse of about6mm. 
The pear-tree psyllia, Psjllia pyricola.—This is our most impor- 


Fig. 485.—Pachypsylla celtidis-mamma, (From 


Packard.) 


Fig. 486.—Psyllia 
pyricola. 


tant species from an economic standpoint, being a serious enemy of 
the pear. It is a small species (Fig. 486); the summer generations 
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measure to the tips of the folded wings from 2.1 mm. to 2.8mm., the 
hibernating form 3.3 mm. to 4mm. The general color is light 
orange to reddish brown, with darker markings. The eggs are laid 
early in the spring in the creases of the bark, in old leaf-scars, and 
about the base of the terminal buds. The young nymphs migrate 
to the axils of the leaf petioles and the stems of the forming fruit; 
later they spread to the under side of the leaves. They secrete large 
quantities of honey-dew, upon which a blackish fungus grows; this 
is often the first indication of the presence of the pest. There are at 
least four generationseach year. Badly infested trees shed their 
leaves and young fruit in midsummer. In some cases orchards have 
been so badly injured by this pest that they have been cut down by 
their owners. 

The methods of control that are recommended are the following: 
the scraping off of the rough bark from the trunks and larger branches 
of the trees and burning it, in order to destroy the hibernating adults; 
and thorough spraying of the trees with kerosene emulsion or “‘black 
leaf 40’ tobacco extract when the petals have fallen from the 
blossoms, in order to destroy the newly hatched nymphs; this spray- 
ing should be repeated in three or four days; later sprayings are 
not so effective on account of the protection afforded the insects by 
the expanded leaves and by their covering of honey-dew. 

A monograph of the North American species of this family has 
been published by Crawford (’14). 


SUPERFAMILY APHIDOIDEA 
The Plant-Lice or Aphids and their Allies 


The plant-lice or aphids are well-known insects; they infest 
nearly all kinds of vegetation in all parts of the country. Our most 
common examples are minute, soft-bodied, 
green insects, with long legs and antenne, 
which appear on various plants in the house 
and in the field. Usually, at least, in each 
species there are both winged and wingless 
“Asad forms (Fig. 487). There are many species 

“Sof aphids, nearly all of which are of small 

Fig. 487A group of size; some measure less than 1 mm. in 

aphids. length; and our largest species, only 5 or 
6 mm. 

The body in most species is more or less pear-shaped. The 
winged forms have two pairs of delicate, transparent wings. These 
are furnished with a few simple or branched veins; but the venation 
is more extended than in either of the two following families. The 
fore wings are larger than the hind wings; and the two wings of 
each side are connected by a small group of hamuli. The wings are 
usually held roof-like when at rest (Fig. 488, ab), but are laid flat on the 
abdomen in some genera. The beak is four-jointed and varies greatly 
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in length; in some species it is longer than the body. The antennz 
consist of from three to six segments; the last segment is usually 
provided with a narrowed prolongation (Fig. 488, aa). ‘Thefirst two 
segments of the antennz are always short, but the other segments 
show a great specific variation in length and are therefore very 
useful as systematic characters. Excepting the first two, the seg- 
ments of the antenne are usually provided with sense-organs, the 
sensoria, which vary in number and shape in different species and are 


Fig. 488.—The melon aphis, Aphis gossypi: a, winged agamic female; aa, en- 
Jarged antenna of same; ab, winged agamic female, with wings closed, sucking 
juice from leaf; b, young nymph; c, last nymphal instar of winged form; d, 
wingless agamic female. (From Chittenden.) 


much used in the classification of these insects. On the back of the 
sixth abdominal segment there is, in many species, a pair of tubes, 
the cornicles, through whicha wax-like materialis excreted. In some 
genera these organs are merely perforated tubercles, while in still 
other genera they are wanting. It was formerly believed that the 
honey-dew excreted by aphids came from the cornicles; for this 
reason they are termed the honey-tubes in many of the older books. 
The honey-dew of aphids is excreted from the posterior end of the 
alimentary canal. It is sometimes produced in such quantities that 
it forms a glistening coating on the leaves of the branches below the 
aphids, and stone walks beneath shade-trees are often densely spotted 


414 AN INTRODUCTION TO ENTOMOLOGY 


withit. ‘This honey-dewis fed upon by bees, wasps, and ants. The 
bees and wasps take the food where they find it, paying little if any 
attention to its source; but the ants recognize in the plant-lice useful 
auxiliaries, and often care for them as men care for their herds. 
This curious relationship is discussed later, under the head of Ants. 

In addition to honeydew, many aphids excrete a white waxy sub- 
stance. This may be in the form of powder, scattered over the 
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Fig. 489.—The wings of Eriosoma americana. (From Patch.) 


surface of the body, or it may be in large flocculent or downy masses; 

every gradation between these forms exists. 

The superfamily Aphidoidea includes two families, the Aphididze 
and the Phylloxeride. These two families differ in the life-histories 
of their species and in the venation of the wings of the winged forms, 
as follows: 

A. Only the sexually perfect females lay eggs; the parthenogenetic forms give 
birth to developed young, which, however, in some cases, are each enclosed ina 
pellicle. The radius of the fore wings is branched; and the outer part of the 
stigma is bounded behind by vein R, (Fig. 489).............. APHIDIDA 

AA. Both the sexually perfect females and the parthenogenetic forms lay eggs. 


Vein Rx of the fore wings is wanting; and the outer part of the stigma is 
bounded behind by the radial sector (Fig. 490).............. PHYLLOXERIDA 


st A 
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Fig. 490.—The wings of Adelges. (From Patch.) 
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Famity APHIDID® 
The Typical Aphids 


To this family belong the far greater number of the genera and 
species of the Aphidoidea. The distinctive characters of this family 
are given under A in the table above. For a detailed discussion of 
the wing-venation of these insects, see Patch (’o9). 

In the Aphidide there exists a remarkable type of development 
known as heterdgamy or cyclic reproduction. This is characterized 
by an alternation of parthenogenetic generations with a sexual 
generation. And within the series of parthenogenetic generations there 
may be an alternation of winged and wingless forms. In some cases 
the reproductive cycle is an exceedingly complicated one, and differ- 
ent parts of it occur on different species of food plants. 

In those cases where different parts of the reproductive cycle 
occur on different food-plants, the plant on which the over-wintering 
fertilized egg is normally deposited and upon which the stem-mother 
and her immediate progeny develop is termed the primary host; and 
that plant to which the migrants fly and from which a later formin 
the series migrates to the primary host is knownas the secondary host. 

Different species of aphids differ greatly in the details of their 
development; it is difficult, therefore, to make generalizations re- 
garding this matter. The following account will serve toindicate the 
sequence of the forms occurring in the reproductive cycle of a migrat- 
ing aphid, one in which the different parts of the cycle occur on 
different food-plants. This account refers to what occurs in the 
North, where the winter interrupts the production of young, and eggs 
are developed which continue the life of the species through the 
inclement season. In hot climates also, where thereisa wet anda dry 
season, eggs are produced to carry the species over the period when 
succulent food is lacking. And in some cases in the North, on ex- 
hausted vegetation the non-migratory species produce eggs during 
the summer months. 

The stem-mother.—In the spring there hatches from an over- 
wintering egg a parthenogenetic, viviparous female, which lives on 
the primary host. As this female is the stock from which the summer 
generations spring, she is known as the stem-mother or fundatrix. 
The stem-mother is winged in some species of one of the tribes 
(Callipterini); but usually she is wingless. 

The wingless agamic form.—In most species the stem-mother gives 
birth to young which do not develop wings and which are all 
females. These reproduce parthenogetically and are known as the 
wingless agamic form or spurie aptere.* These reproduce their kind 
for a variable number of generations and then produce the next form. 
All of these generations live on the primary host. In a few species 
the wingless agamic form rarely appears if at all. 


* Spurie (New Latin, fem. pl.); Lat. spurius, an illegitimate or spurious child. 
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The winged agamic form.—After a variable number of generations 
of the wingless agamic form have been developed and the food-plant 
has become overstocked by them, there appears a generation which 
becomes winged and which migrates to the secondary host. These 
are all parthenogenetic, viviparous females. They are known as the 
winged agamic form or spurie alate or migrants or migrantes. In some 
species, the second generation, the offspring of the stem-mother, are 
winged migrants. ’ 

When the migrating winged agamic form becomes established 07 
the secondary host, it produces young which are all females of the 
wingless agamic form. After a variable number of generations of 
this form have been developed, there is produced a generation of 
winged agamic females which migrate from the secondary host to 
the primary host. The two forms developed on the secondary host, 
the wingless and the winged agamic forms, may closely resemble the 
corresponding forms previously developed on the primary host or 
may differ markedly from them. 

The members of the last generation of the series of partheno- 
genetic forms, which produce the males and the oviparous females, 
are termed the sexupare. In some non-migrating species this genera- 
tion is wingless. 

The males and the oviparous females.—The winged agamic females 
that have migrated from the secondary host to the primary one, 
here give birth to true sexual forms, male and female. These pair, 
and each female produces one or more eggs. These are sometimes 
designated as gamogenetic eggs to distinguish them from the so-called 
pseudova developed in agamic females. See note on page ror. 

The males and the oviparous females are termed collectively the 
sexuales; and some writers refer to the oviparous females as the 
ovpara. (Note that ovwpara is a plural noun.) 


The sexuales difter greatly in form and habits in the different tribes 
ofaphids. Inthemore generalized aphids the ovipara of some species 
are winged, and the males are very commonly winged; both sexes 
have beaks and feed in the same way as do the other forms; and each 
female produces several eggs. In some of the more specialized aphids 
the sexuales are small, wingless, and beakless; consequently they can 
take no food. Each female produces a single egg, which in some cases 
is not deposited but remains throughout the winter within the 
shriveled body of the female. 

In some cases the young produced by the agamic females ate 
each enclosed in a pellicle when born; this is soon ruptured and the 
young aphid escapes from it. The young thus enclosed are termed 
pseudova by many writers. 


The foregoing account, omitting exceptions and variations, can be 
summarized as follows: 


A, DIFFERENT TYPES OF INDIVIDUALS IN THE APHIDIDAz 
First type.—The stem-mother or fundatrix, which is hatched from a fertilized 
egg, is usually wingless, and reproduces parthenogenetically. 
Second type-—The parthenogenetically produced wingiess agamic females. 
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Third type-—The parthenogenetically produced winged agamic female 
Ss 
Fourth type-—The sexual forms, males and Guinarous foo iad 


B. SEQUENCE OF GENERATIONS IN A MIGRATING SPECIES 

Only the first of a series of similar generations is counted. 

First generation.—The stem-mother. 

Second generation.—Wingless agamic females. There may be a series of 
generations of this form here. 

‘ ake generation.—Winged agamic females. These migrate to the secondary 
Ost. 

Fourth generation.—Wingless agamic females. There may be a series of 
generations of this form here. 

Fifth generation.—Winged agamic females. These migrate to the primary 
host and are the sexupare. 

Sixth generation—Males and oviparous females. The females produce the 
es eggs from which the stem-mothers are hatched, thus completing the life- 
cycle. 

A remarkable fact that has been demonstrated by several ob- 
servers is that the number of generations of the wingless agamic 
form may be influenced by the conditions under which the aphids 
live. In an experiment conducted under my direction by Mr. 
Slingerland, in the insectary at Cornell University, we reared 98 
generations of the wingless agamic form without the appearance of 
any other form. The experiment was carried on for four years and 
three months without any apparent change in the fecundity of the 
aphids, and was discontinued owing to the press of other duties. As 
the aphids were kept in a hothouse throughout the winters, seasonal 
influences were practically eliminated; and as members of each gen- 
eration were placed singly on aphid-free plants and their young re- 
moved as soon as born, there was no crowding. 

In order to determine the influence of crowding, members of the 
sixtieth generation were placed on separate plants and their young 
not removed. Attheend of three weeks the winged agamic form ap- 
peared, evidently in response to need of migration to less densely 
populated plants; while in other cages where the young were removed 
promptly, no migrants appeared up to the end of the experiment. 

The family Aphidide includes a very large number of genera and 
species. The genera are grouped into tribes and these into subfamilies 
in various ways by different authors. Recent classifications by 
American authors are those of Oestlund (’18) and Baker (’20). Four 
subfamilies are recognized by Baker. The characters of these sub- 
families given below are largely compiled from this author. 


SuBrFAMILY APHIDINA® 


To this subfamily belong most of the species of aphids that are 
commonly seen living free (7. e., not in galls) upon the foliage of 
plants. But while most of the species feed on foliage, some of them 
attack stems and roots. Their attacks on foliage in some cases merely 
cause a weakening of it; in other cases, the leaves become curled or 
otherwise distorted; such distortions are termed pseudogalls. True 
galls formed by aphids are described in the accounts of the last two 


subfamilies. 
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In the Aphidine the males and the oviparous females are com- 
paratively generalized; they are furnished with functioning mouth- 
parts and feed as do the other forms; the females lay several eggs; 
in a few species the oviparous females are winged; and winged males 
are common. Wax-glands are not abundant in members of this sub- 
family; and the antennal sensoria are oval or subcircular. 

The following are a few of the more common representatives of 
the Aphidine. ‘These are selected to illustrate some of the more 
striking differences in habits exhibited by the different species. 


a. BARK-FEEDING APHIDIN# 


The following species will serve as an example of the bark-feeding 
species belonging to this subfamily, and also of the maximum size 
reached by any aphid. 

The giant hickory-aphid, Longistigma carye.—This is a very large 
species, one of the largest aphids known, measuring to the tip of the 

abdomen 6 mm.,and more than to mm. to the tips 
of the wings (Fig. 491). It can be distinguished by 
; the shape of the stigma of the fore wings, which is 
1's ~~ drawn out at the tip to an acute point extending 
ig Shea ie almost to the tip of the wing. The top of the thorax 
sug’ Cary. and the veins of the wings are black and there are 
four rows of little transverse black spots on the back. The body is 
covered witha bluish white substance like the bloom of a plum. 
This is a bark-feeding species; it is found clustered on the under 
side of limbs in summer. It infests hickory, maple, and several 
other forest trees. The oviparous female is wingless; the male, 
winged. 


b. LEAF-FEEDING APHIDINZ 


Examples of the leaf-feeding species belonging to this subfamily 
can be found on a great variety of plants. Among those most easily 
observed are the species infesting the leaves of fruit trees, and 
especially the following. 

The apple-leaf aphis, Aphis pomi.—Thisisa bright green species, 
the entire life-cycle of which is passed on the apple. The migrants 
fly to other parts of the infested tree or to other apple-trees. Asa 
result of the attacks of this species the leaves of the apple are often 
badly curled and sometimes drop off the tree. 

The rosy apple-aphis, Aniraphis roseus—The common name of 
this species refers to the fact that the agamic females are usually 
of a pinkish color; but they may vary in color to a light brown, 
slaty gray, or greenish black, with the body covered with a whitish 
coating. This species is most common on apple; but it infests also 
pear, white thorn, and three species of Sorbus. Itis a migrating spe- 
cies. 
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The appie-bud aphis, Rhopalosiphum prunifolie.—This is the 
Species that most commonly infests the opening apple-buds, often 
nearly covering them. It also infests pear, plum, quince, and many 
other plants. It isa migrating species; various species of grain serve 
as its secondary host. 


C. ROOT-FEEDING APHIDINZ 


The corn-root aphis, Anuraphis maidi-radicis.—This is a serious 
pest of corn throughout the principal corn-growing States, sometimes 
totally ruining fields of corn. Broom-corn and sorghum are the only 
other cultivated crops injured by it; but it infests many species of weeds 
that grow in corn-fields. Our knowledge of this species is largely the 
result of investigations of Professor S. A. Forbes, who has published 
several detailed accounts of it in his reports as State Entomologist 
of Illinois. This author found that this aphid is largely dependent 
on a small brown ant, the corn-field ant (Lastus americanus), the 
nests of which are common in corn-fields. The ants store the winter 
eggs of the aphids in their nests and care for them throughout the 
winter. In the spring, when the stem-mothers hatch, they are trans- 
ferred by the ants to the roots of the weeds upon which they feed. 
As soon as corn-plants are available, the ants transfer the aphids to 
the roots of the corn, the ants digging burrows along the roots of the 
corn for this purpose. The ants in return for their labors derive 
honey-dew from the aphids. 


One can understand how these ants that attend aphids that are 
excreting honey-dew should learn to drive away the enemies of the 
aphids, as is often done; but is it not wonderful that Lasius americanus 
should recognize the importance of preserving the eggs from which 
their herds are to develop! 


The strawberry-root aphid, A phis forbesi.—The winter eggs of this 
species are found upon the stems and along the midribs of the green 
leaves of strawberry plants. The stem-mothers and one or more 
generations of the offspring feed upon the leaves in the early spring. 
But alittle later in the season the corn-field ant appears and transfers 
the aphids to the roots of the strawberry, where it cares for them in 
the same way that in corn-fields it cares for the corn-root aphis. 
This ant is entirely responsible for the infesting of the roots by the 
aphids; and it is here that the greatest injury to the plants is done. 


SupramMity MINDARINA 


This subfamily was established by Baker (’20) for the reception 
of the genus Mindarus, which can be distinguished from all other 
living aphids by the venation of the wings. In this genus the radial 
sector of the fore wings separates from vein R; at the base of the 
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long, narrow stig- 
ma (Fig.492). Inall 
other living aphids 
the origin of the ra- 
dialsector is much 
nearer the tip of the 
wing; but in many 
of the fossil aphid 
wings it is as in 
Mindarus. The 
males and the 
Fig. 492.—Wings of Mindarus. (After Patch.) oviparous females 
are small and wing- 
less; but they retain the beak, at least in most individuals, and feed. 
The female lays several eggs. 

Only one species, Mindarus abiétinus, is known. This lives free 
upon the twigs of spruce and other conifers, which become somewhat 
distorted and are often killed by the attack of the insects. When 
disturbed this insect secretes large quantities of honeydew. 

The life-cycle of this species usually includes only three genera- 
tions, the stem-mother, the winged agamic females (sexupare), and 
the sexual forms. Sometimes there is a generation of wingless 
agamic females. 

This species was redescribed by Thomas as Schizoneura pinicola. 


SUBFAMILY ERIOSOMATINA# 


This subfamily includes those genera of aphids in which the males 
and the oviparous females are greatly specialized by reduction. They 
do not have functioning mouth-parts; some have a beak when born 
but lose it at the first molting; in others the beak is vestigial at birth. 
As they cannot feed, they remain small. Both sexes are wingless. 
The oviparous females produce each a single egg, which in some 
species is not laid but remains throughout the winter in the shriveled 
body of the female. 

In this subfamily, the cornicles are much reduced or are wanting; 
wax-glands are abundantly developed; and the antennal sensoria are 
prominent. These are often annular. 

The members of this subfamily that are most likely to attract 
attention can be grouped under two heads: a, the woolly aphids; 
and b, the gall-making Erisomatine. These groups, however, do not 
represent natural divisions of the subfamily and do not include all 
members of it. They are merely used for convenience in the present 
discussion. 


a. THE WOOLLY APHIDS 


The woolly aphids are the most conspicuous members of the 
Aphididz, on account of the abundant, white, waxy excretion that 


HOMOPTERA 421 


covers colonies of them. The three following species are widely dis- 
tributed and are common. 

The woolly apple aphis, Eriosdéma lanigera.—This plant-louse, on 
account of its woolly covering and the fact that it is a serious pest of 
the apple, is known as the woolly apple aphis, although the appleis 
its secondary host. This insect not only has a complicated series of 
generations but the life-cycle is subject to variations: its usual course 
is as follows: 

The winter-eggs are deposited in crevices of the bark of elm. 
From these eggs stem-mothers hatch in the spring and pass to the 
young leaves, where they produce either the well-known leaf-curl of 
the elm or, when a group of terminal leaves are affected, what has 
been termed a rosette, which is a cluster of deformed leaves. Within 
these pseudogalls the second generation is produced; this consists of 
wingless agamic females. The offspring of these, the third generation, 
become winged and migrate from the elm to the apple. Here they 
produce the fourth generation, the members of which live on the 
water-shoots or the tender bark of the apple, and arewingless. The 
fifth generation also consists of wingless agamic females. Some of 
these develop on the bark of the branches, which apparently ceases 
to grow at the point of attack but swells into a large ridge about the 
cluster of plant-lice, leaving them in a sheltered pit; the aphids also 
frequently congregate in the axils of the leaves and the forks of the 
branches. Other members of this generation pass to the roots of the 
tree, where they produce knotty swellings on the fibrous roots. The 
sixth generation consists, in part, of winged agamic females which 
migrate from the apple to the elm, where they produce the seventh 
generation. This generation, the last in the series, consists of the 
males and oviparous females, both of which are beakless and wing- 
less. These pair and each female produces a single egg, which is 
found in a crevice of the bark with the remains of the body of the 
female. 

The course of events outlined above may be modified in two ways: 
first, it is said that the sexual forms are sometimes produced on the 
apple; and second, some members of the sixth generation do not 
develop wings and migrate, but are wingless and produce young that 
hibernate on the apple. This species infests also mountain ash and. 
hawthorn, as secondary hosts. 

The elm-feeding generations of this species that cause the leaf- 
curls and rosettes have been known as Schizoneura americana, And 
there are also found during the summer aphids on tender elm bark 
which are believed to belong to this species and which have been 
described under the name Schizoneura riléyi. In the Pacific Coast 
States there is another species of aphid that produces leaf curl on elm. 
This is Schizoneura tilmi, a European species, which in Europe has 
been found to migrate to Ribes. 

The alder-blight, Prociphilus tessellatus.—A woolly aphid that is 
found in dense masses on the branches of several species of alder is 
known as the alder-blight. Colonies of this species are easily found 
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in the regions where it occurs, as their covering of flocculent excretion 
renders them very conspicuous. These colonies are of especial in- 
terest,as within them is found the predacious larva of the wanderer 
butterfly, Feniseca tarquinius, which feeds on the aphids. > 

In the late summer or early autumn the last generation of wingless 
agamic females bring forth young, which winter among the fallen 
leaves at the base of the alder and return to the branches in the 
spring. From this there appears to be no need of an alternate host. 
But it was found by Dr. Patch that at the same time that the form 
that hibernates at the base of the alder is produced, winged migrants 
appear and fly to maple trees, where they give birth, in the crevices 
and rough places in the bark, to males and oviparous females. Each 
of these females producesasingleegg. From these eggs there hatch in 
the spring aphids which pass to the lower side of the leaves of the 
maple, where they become conspicuous on account of their abundant 
and long woolly excretion. In this period of its existence this species 
is the well-known pest of the maple that has long been known as 
Pemphigus acerfélii, which name must now be regarded as a synonym 
of Prociphilus tessellatus, the older name. In July winged migrants 
are developed on maple which fly to alder. 

The alder-blight excretes honeydew abundantly; the result is 
that the branches infested by this insect, and those beneath the cluster 
of aphids, become blackened with fungi that grow upon this excretion. 
There is also a curious fungus which grows in large spongy masses 
immediately beneath the cluster of plant-lice; this is known to bot- 
anists as Scorias spongiosa. It is evidently fed by the honeydew that 
falls upon it. 

The beech-tree blight, Prociphilus imbricator.—This infests both 
twigs and leaves of beech. Like the preceding species it occurs in 
clusters of individuals, each of which is clothed with a conspicuous 
downy excretion. These clusters often attract attention by the 
curious habit which the insects have of waving their bodies up and 
down when disturbed. When an infested limb is jarred, the aphids 
emit a shower of honeydew. Owing tothe abundance of this excretion, 
the branches and leaves of an infested tree become blackened by 
growths of fungi, as with the preceding species. The life-cycle of this 
species has not been determined. 


b. THE GALL-MAKING ERIOSOMATINZE 


Certain members of this subfamily cause the growth of remarkable 
galls, resembling in this respect certain members of the following 
subfamily. Among the gall-making Eriosomatine that aremost likely 
to attract attention are the following. 

The cockscomb elm-gall colopha, Célopha ulmicola.—There are 
two species of aphids that make similar galls on the leaves of elm. 
These galls are commonly known as cockscomb elm-galls on account 
of their shape. Those made by the two species of aphids are so 
similar that a description of one will apply tothe other. Ineach case 
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the gall is an excrescence resembling a cock’s comb in form, which 
rises abruptly from the upper surface of the leaf (Fig. 493, a). It is 
compressed, and has its sides wrinkled perpendicularly and its summit 


irregularly gashed and toothed. It opens on the under side of the 
leaf by a long slit-like orifice. 


The winter eggs can be found during the winter in the crevices 
of the bark of the elm; each egg is usually enclosed in the dry skin 
of the oviparous female (Fig. 493, b). In the spring the stem-mothers 


Fig. 493.—Colopha ulmicola: a, leaf showing galls from above and beneath; 6, 
fertilized egg surrounded by the skin of the female; c, newly born young of the 
second generation; h, its antenna; d, full-grown nymph of the second genera- 
tion; e, adult of second generation; f, antenna of migrant; g, antenna of stem- 
mother. (From Riley.) 


pass to the leaves and each causes by its attack the growth of a gall. 
The second generation is produced within the gall; it consists of 
winged agamic females (Fig. 493, e). These migrants can be dis- 
tinguished from those of the other cockscomb elm-gall aphid by the 
fact that in this species vein M of the fore wings is forked. 


The migrants of this species pass from the elm to certain grasses, 
among them species of Eragrostis and Panicum. The forms found on 
these secondary hosts have been described under the name Colopha 
eragréstidis, but this is a much later name than Cdlopha ulmicola. 
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The cockscomb elm-gall tetraneura, Tetraneura graminis.—The 
life-cycle of this species is quite similar to that of the preceding one. 
The primary host is elm. The stem-mothers cause the growth of 
cockscomb-like galls; and the migrants produced in these galls pass 
to grasses. These migrants differ from those of the preceding species 
in that vein M of the fore wings is not forked. This species was first 
described from individu- 
als found on the second- 
ary hosts and was named 
Tetraneura gramints. Lat- 
er, forms found on elms 
were named Tetraneura 
colophoides. 

For a detailed ac- 
count of the gall-aphids 
of the elm, see Patch 
Cro): 

The poplar-leaf gall- 
aphid, Thecabius populi- 
caulis—This aphid is 
common on several spe- 
cies of poplar. It makes 
a swelling the size of a 
small marble on the leaf 

at the junction of the 

Fig. 494.—The vagabond poplar-gall. (From petiole with the blade. 

Walsh and Riley.) This gall is of a reddish 

tint, and has on one side 

a slit-like opening. In the early part of the season each gall is occu- 

pied by a single wingless female, probably the agamic stem-mother, 

which by midsummer becomes the mother of numerous progeny. 

These are winged and probably migrate to some other host-plant; 
but the life-cycle of this species has not been determined. 

The vagabond gall-aphid, Mordwilkoja vagabtinda.—This species 
infests the tips of the twigs of several species of poplar; here it causes 
the growth of large corrugated galls, which resemble somewhat the 
flower of the double cockscomb of our gardens. The galls are at first 
bright green, but later turn black, become woody, and remain on the 
trees during the winter (Fig. 494). Very little is known regarding the 
life-cycle of this species. 


SUBFAMILY HORMAPHIDINA 


The members of this subfamily are usually gall-makers, resembling 
in this respect certain members of the Eriosomatinz, and also re- 
sembling them in that the antennal sensoria are annular. But in 
this subfamily the sexual forms are not so specialized by reduction 
as in the preceding one. In the Hormaphidine, although the males 
and the oviparous females are small and wingless, they possess 
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beaks, they feed, and the oviparous female lays more than one egg. 
In this subfamily great specialization of wax-producing organs occurs. 
In many species some of the agamic generations become greatly modi- 
fied in form so that they do not resemble the more typical aphids, 
In some species these modified forms have the appearance of an 
Aleyrodes; in other species, that of a coccid. 

Our best-known representatives of this subfamily are two species 
of gall-makers, each of which infests alternately witch-hazel and 
birch. The life-histories of these were very carefully worked out by 


Fig. 495.—The witch-hazel cone-gall: a, natural size; b, section of gall, enlarged. 
(From Pergande.) 


Pergande (’o1); the following accounts are greatly condensed from 
that author. 

The witch-hazel cone-gall aphid, Hérmaphis hamamélidis.—The 
winter-egg is deposited on the branches and twigs of witch-hazel 
and hatches early in the spring. The stem-mother, which hatches 
from this egg, attacks the lower surface of the leaf, causing the growth 
of a conical gall on the upper surface of the leaf with a mouth on 
the lower surface (Fig. 495). The second generation, the offspring 
of the stem-mother, consists of many individuals; these are pro- 
duced within the gall, which becomes crowded with them. ‘These 
are agamic females, which become winged, leave the gall, and mi- 
grate to birches, where they deposit their young on the lower side 
of the leaves. The first instar of the third generation, the offspring 
of the migrants, is broadly oval, with the entire margin of the body 
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studded with short and stout excretory tubercles (Fig. 496); from 
each of these there issues a short, glassy, beautifully iridescent, waxy 
rod. The second and third instars of this generation are marked by 
a reduction of the antenne, 
beak,and legs. The fourth 
instar, which is found about 
the middle of June, is aley- 
rodiform (Fig. 497). The 
fourth and fifth generations 
resemble the third, there be- 
ing three aleyrodiform gen- 
erations. The members of 
the sixth generation become 
winged and are the return 
migrants. These fly to 
witch-hazel, where they give 
birth to the seventh genera- 
tion, which consists of males 
and oviparous females. 
These pair and the females 
Fig. 496.—Hormaphis hamamelidis, first instar lay the winter eggs; each 
of the third generation. (From Pergande.) female produces from five 
to ten eggs. The males and 
the oviparous females are both wingless. In this species the antenne 
of the winged forms are three-jointed. 

Later experiments by Morgan and Shull (’10) indicate that thig 
species can complete its life-cycle on 
the witch-hazel. According to these 
authors there are only three genera- 
tions: first, the stem-mother, which 
causes the growth of the cone-gall; 
second, the winged forms, which are 
developed in the gall and which spread 
to the leaves; and third, the males and 
oviparous females. No aleyrodiform 
individuals were found on the witch- 
hazel. 

The spiny witch-hazel-gall aphid, 
Hamamelistes spindsus—The winter 
eggs of this species are commonly de- 
posited near the flower-buds of witch- 
hazel, late in June or early in July, Fig. 497——Hormaphis hamamel- 
but they do not hatch till May or adis, fourth instar of the third 
June of the following year. The generation. (After Pergande.) 
stem-mother attacks the flower-bud, 
which becomes transformed into a large gall of the form shown in 
Figure 498. Within this gall the stem-mother produces the second 
generation; these crowd the gall and develop into winged migrants, 
which leave the gall, from July to late fall, and fly to birches. The 
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young of the migrants, the third generation, feed a short time and 
then settle close to the leaf-buds, where they hibernate; the last in- 


Fig. 498.—The spiny witch-hazel gall: a, mature gall; b, section of gall. (From 
Pergande.) 


star of this generation resembles a coccid (Fig. 499). The fourth 
generation is produced early in the spring; the young of this genera- 
tion move to the young and tender leaves of the birch, which, as a 


Fig. 499.—Hamamelistes spinosus, last instar of the third generation, much 
enlarged: a, dorsal view; 6, lateral view; c, ventral view; d, antenna; 4 
f, g, legs. (From Pergande.) 


result of the attack, become corrugated, the upper surface bulging 
out between the veins, and the folds closing up below. In these 
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pseudogalls the fifth generation is produced; the members of this 
generation become winged and migrate to witch-hazel in early 
summer, where they produce the seventh and last generation of the 
series, the males and oviparous females. These pair and the females 
soon lay their eggs. Both sexes are wingless. The winged migrants 
of this species can be distinguished from those of the preceding 
species by their five-jointed antennz 


Famity PHYLLOXERIDA 
The Adelgids and the Phylloxerids 
The members of this family differ from the typical aphids in that 
both the sexually perfect females and the parthenogenetic forms lay 


eggs, in lacking vein R, of the fore wings, and in that the outer part 
of the stigma is bounded behind by the radial sector (Fig. 500). 


Se-R+M+Cu * st A Se 


Fig. 500.—Wings of Adelges. (From Patch.) 


In this family the cornicles are always wanting; and the males and 
sexually perfect females are dwarfed and wingless. 

This family includes two subfamilies, which can be separated by 
the following table. These subfamilies are regarded as distinct 
families by some writers. 


A. The wingless agamic females excrete a waxy flocculence. The winged forms 
have five-jointed antennz, the last three segments of which bear each a single 
sensorium. The wings are held roof-like when at rest. The free part of vein 
Cu of the fore wings is separate from vein 1st A (Fig. 500). The sexual forms 
have a beak. The alimentary canal is normal, producing a fluid excrement. 
The species infest,only.conitersscas0: nh eeen tee ee eee ADELGINZ 


AA. The wingless agamic females do not secrete a waxy flocculence, but in the 
genus Phylloxerina they excrete a waxy powder. The winged forms have 
three-jointed antenne, the second segment of which bears two sensoria. The 
wings when at rest are laid flat upon the abdomen. The free parts of veins Cu 
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and 1st A of the fore wings coalesce at base (Fig. 501). The sexual forms 
have no beak. The anus is closed. The species do not infest conifers........ 


Neh Re mete M ey UL Wawa h oily stetpatilsvaare ict ashe weticon aiivhos onbinn acc, we PHYLLOXERIN© 


Fig. 501.—Wings of Phylloxera. (From Patch.) 


SUBFAMILY ADELGINA 
The Adelgids 


This subfamily includes those insects found on conifers that have 
been quite generally known under the generic name Chermes. But it 
has been determined that this name should be applied to certain 
jumping plant-lice of the family Chermide, formerly known as the 
Psyllide. The necessity of this change is very unfortunate, as much 
has been published regarding members of the Adelginz and in most 
of these accounts they are described under the name Chermes. 

All the species of this subfamily infest conifers; and in all cases 
in which the sexual generation is known, this generation lives on 
spruce. The secondary host may be either larch, pine, or fir. 

Much has been written regarding the life-histories of these insects. 
It has been found that what may be regarded as the typical life-cycle 
of an Adélges or ‘‘Chermes”’ is a very complex one, including the 
developing of two parallel series of forms differing in habits; that in 
one of these series a single host-plant, spruce, is infested and the life- 
cycle is completed in one year; while in the other series the life-cycle 
extends over two years and is passed in part upon spruce and in 
part upon larch or some other host-plant. 

In this typical life-cycle, beginning with the individual that 
hatches from a fertilized egg, there are developed five generations, 
the members of which differ in either form or habits or both from 
those of the other generations, before the cycle is completed by the 
production again of fertilized eggs. The actual number of generations 
may be greater than this, owing to the fact that in a part of the cycle 
there may bea series of similar generations only the first of which is 
counted in this enumeration. 
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This indicating of a typical life-cycle is an effort to outline as 
simply as possible the life-history of these insects. In some species 
it is much more complicated; thus, for example, Borner (08) in his 
account of the life-history of Cnaphalédes strobilobius recognizes seven 
parallel series of forms. i 

The distinctive characters of the five differing generations in the 
typical life-cycle are indicated below. 


A. GENERATIONS ON SPRUCE (Picea) 


A one-year cycle or the first year of a two-year cycle. ; 

First generation.—This consists of the true stem-mother (fundatrix vera), 
a wingless agamic female. In the case of those supposed parthenogenetic species 
which do not migrate to another host-plant and which complete their life-cycle in 
one year, this form is the offspring of the second generation, an agamic form; 
in the case of species that migrate to a secondary host-plant, and where there are 
two parallel series, the stem-mother is the offspring of either the second generation 
or the fifth generation, the sexual forms. ‘ 

The stem-mothers hatch in the autumn; they hibernate immature in crevices 
at the bases of buds, complete their growth in the spring, and by their attack upon 
the buds cause the beginning of the growth of galls. Each stem-mother lays a 
large number of eggs. , 

Second generation.—The members of this generation hatch from the eggs laid 
by the stem-mothers, and by their attack upon the buds cause the completion of 
the growth of the galls. The galls are formed by the hypertrophy and coalescence 
of the spruce-needles. The members of this generation have been termed the 
gallicole, because they inhabit the galls. They reach the last nymphal instar 
within the galls. When this stage is reached, the galls open and the nymphs 
emerge and soon molt, becoming winged agamic females. 

As to their habits, there are two types of gallicole: first, the non-migrants, 
which remain on the spruce and lay the eggs from which the stem-mothers of the 
one-year cycle are hatched; and second, the migrants, which fly to a secondary 
host-plant, which is not spruce, and where they lay many eggs, but not so many as 
are laid by the stem-mothers. 


B. GENERATIONS ON A SECONDARY HOST 


Part of the second year of a two-year cycle. 

The secondary host may be a species of either larch (Larix), pine (Pinus), 
or fir (Abies); but no galls are produced on any of these. 

Third generation—The members of this generation hatch from eggs laid by 
migrants of the second generation that have flown from spruce to larch or other 
secondary host and laid their eggs there. The young that hatch from these eggs 
hibernate in crevices in the bark and complete their growth in the spring, becom- 
ing wingless agamic females. The members of this generation and of similar 
generations which follow immediately but which are not numbered here, are 
termed colonict, because they are settlers in a new region, or exsules, that is, 
exiles. Some writers term the first of this series of generations false stem-mothers 
(fundatrices spurte) to distinguish them from the true stem-mother, which is the 
beginning of the two-year cycle. The members of the third generation resemble 
those of the first generation, but usually lay fewer eggs and do not cause the 
growth of galls. 

The offspring of the third generation are all wingless agamic females, which 
reproduce their kind. Of these there may be a series of generations, which are not 
numbered in this generalized statement; and there may be among these several 
parallel series of generations, differing in the life-cycle but all reproducing 
parthenogenetically on the secondary host. The secondary host may be thus 
infested throughout the year; while the primary host, if there is not an annual 
series, will be free during the interval between the migration of the second genera- 
tion and the return migration of the fourth generation. 
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Among the offspring of the third generation two types are recognized by 
Marchal (13): first, nymphs which remain undeveloped for a time, the sistens 
type; and second, nymphs which develop at once into wingless agamic females, 
the progrediens type.* 


__ Fourth generation—The members of this generation are produced by indi- 
viduals of the progrediens type of the third generation. They develop into winged 
agamic females. The adults migrate to spruce and there lay a small number of 


eggs. Since their offspring are the sexual forms, this generation is known as the 
sexupar a, 


C. A GENERATION ON SPRUCE 


The completion of the second year of a two-year cycle. 


Fifth generation—From eggs laid by the sexupare that have migrated from 
the secondary host to spruce, there are developed males and sexually perfect 
females, termed the sexuales; both of these forms are wingless. They pair and 
each female lays a single egg. These eggs hatch in the autumn; the young 
hibernate and become the true stem-mothers. Thus is completed the two- 
year life-cycle. f 


Omitting the annual series, the typical two-year life-cycle includes the follow- 
ing series of generations, which are described above. 

First-—The wingless agamic stem-mother. 

Second.—The winged agamic migrants. 


Third.—The wingless agamic colonici or exsules. 
(a) The sistentes, several generations. 
(b) The progredientes, several generations. 
Fourth.—The winged agamic sexupare. 
Fifth—The wingless sexuales, males and sexually perfect females. Each 
female produces a single fertilized egg, from which hatches a stem-mother, thus 
completing the life-cycle. 


In the case of some species, which have been studied very carefully 
by different observers, only an annual series, consisting of the first 
and second generations described above, is known. It should be 
noted that in a life-cycle of this kind there are no sexual forms and that 
although a winged form appears it is not known to migrate. These 
facts indicate that either some members of the winged generation 
migrate to a secondary host-plant which has not been discovered, or 
that the species in question have become, by adaptation, purely par- 
thenogenetic. Which of thesealternatives is true has been much dis- 
cussed. 

The following species are some of the more common of our repre- 
sentatives of this subfamily. 

Thepine-leaf adelges, Adélges pinifolieg.—Our knowledge of the 
life-history of this species is still fragmentary. In one part of its life- 
cycle it infests the leaves of white pine (Pinus strobus). The genera- 
tions found here are winged agamic females. These attach them- 
selves firmly to the pine-needles, each with its head directed towards 
the base of theneedle. Within each there are developed about one 
hundred eggs, which are not extruded. After the death of the female, 
the mass of eggs remains adhering to the leaf, covered over and 


*Sistens, Latin sisto, to stand; progrediens, Latin pro, forth, gradior, to go. 
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protected by the remains of the body and closed wings of the dead 
insect. 

It has been determined that these plant- 
lice infesting the pine leaves are specifically 
identical with those that issue from a cone- 
like gall found on several species of spruce 
(Fig. 502). The spruce-inhabiting form has 
been known as Chermes abieticolens; but 
pinifolie is the older specific name and 
should be used for all forms of this species. 
It is probable that this species has a two- 
year life-cycle and that spruce is its primary 
host and pine its secondary host. 

The green-winged adelges, Adélges abie- 
tis.—This species causes the growth of pine- Fig. 502.—Gall of Adelges 
apple-shaped galls on several species of  P¢folie on spruce. 
spruce (Fig. 503). It is a European species 
and its life-history has been the subject of much controversy. It is 
held by Borner (’08) that it has a typical life-cycle in which there are 
two parallel series: first, an annual series on spruce alone; and 
second, a two-year series in which larch is 
used as a secondary host. On the other 
hand, Cholodkovsky (’15) maintains that it 
is a parthenogenetic species; that its life- 
cycle includes only two generations, the 
agamic hibernating stem-mothers and the 
gallicole; and that the form with a typical 
life-cycle is a distinct species (Chérmes 
viridis). Dr. Patch (’o9) has studied Adel- 
ges abietis in Maine and has found only the 
parthenogenetic forms, the hibernating stem- 
mothers and the gallicole; thus confirming 
the conclusion that it may have become a 
parthenogenetic species. 

The pine-bark adelges, Adélges pinicorti- 
cis.—This species infests severalspecies of 
pine, but especially white pine. The trunks 
and larger limbs of the infested trees often 

: - appear as if whitewashed; this is due to the 
Fig, 503- ashy Bias deiees woolly excretion which covers the bodies of 
the insects. But little is known regarding the 

life-cycle of the species. Wingless females, which are doubtless agamic 
as they lay many eggs, hibernate on the pine and feed on the bark 
in the spring. They lay their eggs in April; these soon hatch and the 
young develop into winged agamicfemalesin May. These soon dis- 
appear and the pine is said to be free from the pest during the summer. 
Return migrants to the pine have not been observed; but there 
must be a generation of these, the parents of the wingless hibernating 
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generation, if, as stated, the pines are free from the pest during the 
summer. 


SUBFAMILY PHYLLOXERINZ 
The Phylloxerids 


The distinguishing characters of this subfamily are given under 
AA in the table on page 428 and need not be repeated here. It in- 
cludes two genera, Phylloxera and Phylloxerina. 

The genus Phylloxerina is distinguished by the fact that the 
Wingless agamic females excrete a waxy powder, which gives them 
the appearance of mealy-bugs. Species of this genus have been found 
in this country on poplar, willow, and sour-gum. 

The genus Phylloxéra is represented by the grape Phylloxera and 
thirty or more described species that infest forest-trees—hickory, 
oak, and chestnut. Most of these are found on hickory. Those 
on hickory cause the growth of galls either on the leaves oronthe 
tender twigsand petioles. Other species produce either pseudogalls 
or white or yellowish circular spots on the infested leaves.The species 
infesting forest-trees were monographed by Pergande (’o4). 

Although in this subfamily there is a generation of winged mi- 
grants in the life-cycle of each species, few if any of them have a 
secondary host. The migrants fly to other parts of the infested plant 
or to other plants of the same species. 

So far as is known, the life-cycle of thespecies infesting forest-trees 
is a comparatively simple one. The stem-mother hatches in the 
spring from an over-wintering, fertilized egg and causes the growth of 
a gall; she develops within the gall and produces unfertilized eggs. 
From these eggs hatch young that develop into winged agamic 
females. These produce eggs of two sizes; from the smaller eggs 
hatch males; and from the larger ones, females. The sexes pair and 
each female lays a single fertilized egg. In some species these eggs 
are laid in June and do not hatch till the following April. ; 

The grape Phylloxera, Phylloxéra vastatrix.—From an economic 
standpoint this species is the most important member of the Phyl- 
loxerinze; millions of acres of vineyards have been destroyed by it.* 
The most extensive ravages of this pest have occurred in France 
and in California. This species is a native of the eastern United 
States, where it infests various species of wild grapes. It does not 
injure these seriously; but when it was introduced into France it 
was found that the European grape, Vitis vinifera, is extremely sus- 
ceptible to its attack. The great injury to the vineyards of California 
is due to the fact that it is the European grape that is chiefly grown 

here. 
; “The presence of this insect is manifested by the infested vines 
in two ways: first, in the case of certain species of grapes, there 


*“The Phylloxera when at its worst had destroyed in France some 2,500,000 
acres of vineyards, representing an annual loss in wine products of the value of 
150,000,000.” (Marlatt ’98.) 
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appear upon the lower surface of the leaves galls, which are more or 
less wrinkled and hairy (Fig. 504), which open upon the upper surface 
of the leaf, and each of 
which contains a wingless, 
agamic plant-louse and her 
eggs; second, when the fi- 
brous roots of a sickly vine 
are examined, we find, if the 
disease is due to this insect, 
that the minute fibers have 
become swollen and knotty; 
or, if the disease is far ad- 
vanced, they may be en- 
tirely decayed (Fig. 505, ¢). 
Upon these root-swellings 
there may be found wing- 
less, agamic, egg-laying 
plant-lice, the authors of 
the mischief. 
The life-history of this 
Fig. 504.—Leaf of grapewith galls of Phylloxera. species is a complicated one, 
(From Riley.) due to the fact that parallel 
series of generations with 
different life-cycles may be developed at the same time. While a 
fertilized winter egg may be considered a part of the typical life-cycle, 
some of the agamic females hibernate on the roots of the vine and 
form a part of a series of agamic generations that apparently may 
continue indefinitely year after year. 
The typical life-cycle, that one in which males and sexually 
perfect females form a part, extends over two years and includes 
four forms as follows: 


The gallicole.—F rom an over-wintering fertilized egg, there hatches 
in the spring a wingless agamic stem-mother, which passes to a leaf 
and by her attack causes the growth of a gall, within which she passes 
the remainder of her life. She reaches maturity in about fifteen 
days, fills the gall with eggs, and soon dies. The young that hatch 
from the eggs laid by the stem-mother resemble her in being wingless 
agamic females; they escape from the gall, spread over the leaves, and 
in turn cause the growth of galls. Six or seven generations of this 
form (Fig. 506) are developed during the summer. They are termed 
the gallicole. ‘ 

The radicicole or colonici—On the appearance of cold weather, 
young hatched from eggs laid by the gall-inhabiting form pass down 
the vines to the roots, where they hibernate. This completes the 
first year of the two-year cycle. In the following spring these colonici, 
that is, settlers in a new region, attack the fibrous roots, and cause 
the growth of knotty swellings on them (Fig. 505, b,c) and ultimately 
their destruction. This is the most serious injury to the vine caused 
by this species. There is a series of generations of the root-inhabiting 
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form all of which are wingless agamic females. This form (Fig. 507) 
differs somewhat in appearance from the gallicole. 

The migrants or sexupare.— During the late summer and fall there 
are hatched from eggs laid by some individuals of the root-inhabiting 


Fig. 505.—Phylloxera, root-inhabiting form: a, shows a healthy root; 6, one on 
which the lice are working, representing the knots and swellings caused by 
their punctures; c, a root that has been deserted by them, and where the rootlets 
have commenced to decay; d, d, d, show how the lice are found on the larger 
roots; e, agamic female nymph, dorsal view; f, same, ventral view; g, winged 
agamic female, dorsal view; h, same, ventral view; 7, magnified antenna of 
winged insect; j, side view of the wingless agamic female, laying eggs on roots; 
k, shows how the punctures of the lice cause the large roots to rot. (From 
Riley.) 


form, young that develop into winged agamic females (Fig. 505, g,/). 
These come forth from the ground, fly to neighboring vines, and 
lay eggs in cracks in the bark or under loose bark. They lay only a 
few eggs, from three to eight. 
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The sexuales.— 
The eggs laid by the 
winged migrants are 
of two sizes; from the 
smaller eggs there 
hatch males; and 
from the larger eggs, 
sexually perfect fe- 
males. These pair 
and each female pro- 
duces a single egg, 
which is laid in the fall 
on old wood. Here it 
remains over winter, 
and from it in the fol- 
lowing spring a stem- 


Fig. 506.—Phylloxera, gall-inhabiting form: a, }, moth er is hatched. 
newly batched nymph, ventral and dorsalviews;c, This completes the 


egg; d, section of gall; e, swelling of tendril; f, g, J ife- , 
h, mother gall-louse, lateral, dorsal, and ventral two-year lite cycle 
views; 2, her antenna; j, her two-jointed tarsus. Control.—Owing 
Natural sizes indicated at sides. (From Riley.) to the great injury 


that this species has 
done to vineyards, 


hundreds of memoirs have been published regarding it; but, as yet, 


no satisfactory means of 
destroying it that can be 
generally used has been 
discovered. Where the 
soil conditions are favor- 
able it can be destroyed 
by the use of carbon-bi- 
sulphide, but this is an 
expensive method; where 
the vineyards are so situ- 
ated that they can be 
submerged with water at 
certain seasons of the 
vear, the insect can be 
drowned; and it has been 
found that vines growing 
in very sandy soil are less 
liable to be seriously in- 
jured by this pest. 
While it is usually im- 
practicable to destroy 
this pest in an infested 
vineyard, there is a pre- 
ventative measure that 
has given good results. 


Fig. 507.—Phylloxera, root-inhabiting form: a, 
roots of Clinton vine showing the relation of 
swellings to leaf-galls, and power of resisting de- 
composition; b, nymph as it appears when 
hibernating; c, d, antenna and leg of same; e, 
f, g, forms of more mature lice; h, granulations 
of skin; 7, tubercle; 7, transverse folds at 
border of joints; k, simple eyes. (From Riley.) 
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Certain varieties of American grapes are not seriously injured by the 
root-form of the Phylloxera. By growing these varieties, or by using 
the roots of them as stocks on which to graft the susceptible European 
varieties, the danger of injury by this pest is greatly reduced. 


Famity ALEYRODID2 
The Aleyrodids or White Flies 


The members of this family are small or minute insects; our more 
common species have a wing-expanse of about 3 mm. In the adult 
state both sexes have four wings, differing in this respect from the 
Coccide, with which they were classed by the early entomologists. 
The wings are transparent, white, clouded or mottled with spots or 
bands. The wings, 
and the body as well, 
are covered with a 
whitish powder. It is 
this character that 
suggested the name of 
the typical genus,* 
and the common name 
white flies. 

In the immature 
stages, these insects Fig. 508. —An aleyrodid 
are scale-like in form 
and often resemble somewhat certain species of the genus Lecanium 
of the family Coccide. Except during the first stadium, the larvee 
remain quiescent upon the 
leaves of the infested plant 
and in most species are sur- 
rounded or covered by a 
waxy excretion. In Figure 
508 there is represented one 
of the many forms of this 
excretion. Here it consists 
of parallel fibers, which ra- 
diate from the margin of the 
body, and its white color 
contrasts strongly with the 
dark color of the insect. In 
some species the fringe of 
excretion is wanting; and 
in others, the excretion from 
the margin of the body, in- 
stead of extending laterally 
Fig. 510.—Wings of Udamoselis. (After En- and forming a fringe, is di- 

derlein, with changed lettering.) rected toward the leaf upon 
which the insect rests, and 


Fig. 509,.—Aleurochiton for- 
bes, 


*Aleyrodes (adevpwdys), like flour. 
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thus the body is lifted away from the leaf and is perched upon an 
exquisite palisade of white wax (Fig. 509). 

The members of this family feed exclusively on the leaves of the 
host-plants. With few exceptions they are not of economic impor- 
tance; and also with few exceptions, the injurious species are not wide- 
ly distributed over the world as are many aphids and coccids. This is 
probably due to the fact that as they live exclusively on leaves they 
are not so liable to be transported on cuttings and nursery stock. 
They are most abundant in tropical and semi-tropical regions. 

The adults present the following characters: The compound eyes 
are usually constricted in the middle and in some species each eye 
is completely divided. In some cases the facets of the two parts of a 
divided eye are different in size; it is probable that in such cases one 
part is a day-eye and the other part a night-eye (see page 144). The 
ocelli are two in number; each ocellus is situated near the anterior 
margin of acompound eye. The antenne are usually seven-jointed. 
The labium is composed of three segments. The fore wings are larger 
than the hind wings; when at rest the wings are carried nearly 
horizontally. The venation of the wings is greatly reduced; the 
maximum number of wing-veins found in the family is in the fore 
wings of the genus Udamdselis (Fig. 510). The three pairs of legs 
are similar in form; the tarsi are two-jointed; and each tarsus is: 
furnished with a pair of claws and an empodium or paronychium. 
The anus opens on the dorsal wall of the abdomen at some distance’ 
from the caudal end of the body and within a tubular structure, 
which is termed the vasiform orifice. A tongue-like organ, the lingula, 
projects from the vasiform orifice; and at the base of the lingula 
there is a broad plate, the operculum; the anus opens beneath these 
two organs. 

In this family the type of metamorphosis corresponds quite 
closely with that known as complete metamorphosis; consequently 
the term larva is applied to the immature instars except the last, 
which is designated the pupa. 

The eggs are elongate-oval in shape and are stalked. The larve 
during the first stadium are active, after which they remain quiescent. 
There are four larval and one pupal instars. The wings arise as 
histoblasts in the late embryo, and the growth of the wing-buds 
during the larval stadia takes place inside the body-wall. The 
change to the pupal instar, in which the wing-buds are external, 
takes place beneath the last larval skin, which is known as the pupa- 
case or pupartum. In many descriptions of theseinsects only three 
larval instars are recognized, the fourth being described as the pupa. 
As the change to a pupa takes place beneath the last larval skin, the 
puparium, and as the adult emerges through a T-shaped opening in 
the dorsal wall of the puparium, the pupa itself is rarely observed. 

Parthenogenesis occurs in this family; but according to the 
observations of Morrill, unfertilized eggs produce only males. 

As with the adults, the anus of the immature forms opens in a 
vasiform orifice on the dorsal aspect of the body at some distance 
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from the caudal end of the body. The excrement is in the form of 
honey-dew, of which much is excreted. 

Formerly all the members of this family were included in a single 
genus, Aleyrédes; consequently, except in comparatively recent works, 
the various species are described under this generic name. In later 
days, very extended studies have been made of the family; and the 


Fig. 511.—Asterochiton vaporariorum: a, egg; b, larva, first instar; c, puparium, 
dorsal view; d, puparium, lateral view; e, adult. (After Morrill.) 


genus Aleyrodes has been divided into many genera, which are now 
grouped into three subfamilies. The most complete systematic works 
on the family are those of Quaintance and Baker (’13 and ’17). The 
following species are among our more common representatives of the 
family. 

The greenhouse white fly, Asteréchiton vaporari6rum.—One of 
the most important of the greenhouse pests is this insect, which infests 
very many species of plants that are grown under glass; and some- 
times it is a serious pest in the open on tomato and other plants that 
are set out after the weather is warm. 

The adult measures about 1.5 mm. in length, and like other 
aleyrodids is covered with a white, waxy powder. The eggs are only 
.2 mm. in length, and are suspended from the leaf by a short stalk 
(Fig. 511, a). In the first instar the larva is flat, oval in outline, 
and with each margin of the body furnished with eighteen spines 
(Fig. 511, 6), of which the last is much the longest. In the second 
and third instars there are only three pairs of marginal spines, a very 
small pair near the cephalic end of the body and two somewhat 
larger ones near the caudal end. The marginal fringe of wax is 
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narrow, The puparium is box-like, the body of the insect being 
elevated on a palisade of vertical wax rods (Fig. 511, d). There are 
other rods of wax represented in the dorsal view of the puparium 
(Figs irec): 

The most successful means of destroying this pest is by fumigation 
of infested greenhouses with hydrocyanic acid gas. 

The strawberry white fly, Asteréchiton packardi.—This species is 
closely allied to the greenhouse white fly, but differs in minute char- 
acters presented by the spines and wax rods of the immature forms. 
It infests strawberry plants, and is a hardy species, passing the 
winter in the egg state out of doors. 

The citrus white fly, Dialeurddes citri—This is a well-known pest 
in the orange-growing sections of our country, and is also found in 
greenhouses in the North. It infests all citrus fruits grown in this 
country and is found on several other plants. 

This insect injures its host in two ways: first directly, by sucking 
the sap from the leaves; and second indirectly, by furnishing nourish- 
ment, in the form of honeydew, to a fungus, the sooty mold (Meliola 
camellie), which forms a dark-brown or black membranous coating 
on the leaves and fruit, and thus interfering with the functioning of 
the leaves, retarding the ripening of the fruit, and decreasing the 
yield of the fruit. There are from two to six generations of this 
species in a year. An extended account of it is given by Morrill and 
Back (11). 

The maple white fly, Aleurochiton forbesi1.—Figure 509 represents 
this species, which is fairly common on maple, but rarely in sufficient 
numbers to do serious injury. 


Famity COCCIDA 
The Scale-Insects or Bark-Lice, Mealy-Bugs, and others 


The family Coccide includes the scale-insects or bark-lice, the 
mealy-bugs, and certain otherinsects for which there are no popular 
names. ‘To this family belong many of the most serious pests of 
horticulturists; scarcely any kind of fruit is free from their attacks; 
and certain species of scale-insects and of mealy-bugs are constant 
pests in greenhouses. Most of the species live on the leaves and 
stems of plants; but some species infest the roots of the host-plants. 
The great majority of the species remain fixed upon their host during 
a part of their life-cycle, and can thus be transported long distances 
while yet alive, on fruit or on nursery stock; this has resulted in many 
species becoming world-wide in distribution. Most of the species are 
minute or of moderate size; but some members of the family found in 
Australia measure 25 mm. or more in length. 

While the economic importance of this family is due chiefly to 
the noxious species that belong to it, it contains several useful species. 
The most important useful species at this time is the lac-insect, 
Tachardia lacca. The stick-lac of commerce, from which shell-lac 
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or shellac is prepared, is a resinous substance excreted by this species, 
which lives on the young branches of many tropical trees, most of 
which belong to the genus Ficus, the figs. 


In the past, several coccids have been important as coloring agents. 
The bodies of the lac-insects, which are obtained from stick-lac in the 
manufacture of shellac, are the source of lac-dye. Another coccid, 
Kérmes ilicis, which lives on a species of oak in southern Europe, 
has been used as a dye from very early times. And the well-known 


fig. 512.—Chionaspis furfura: 1, scales on pear, natural size; Za, scale of male, 
1b, adult male, rc, scale of female, enlarged. 


cochineal is composed of the dried bodies of a coccid, Céccus cactt, 
which lives on various species of cactus. Recently these dyes have 
been largely supplanted by those obtained from coal-tar. 


China-wax is also produced by a coccid. It is the excretion of an 
insect known as pe-la, Ericérus pe-la, and was formerly much used in 
China in themanufacture of candles, before the introduction of paraffin. 

Inthe adult state, the two sexes of coccids differ greatly in form. 
The males are usually winged (Fig. 512); in a few species they 
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are either wingless or have vestigial wings. The fore wings 
are usually large, com- 
pared with the size of the 
body; the hind wings are 
always greatly reduced in 
size; usually they are a 
pair of club-shaped hal- 
teres, but in a few forms 
they are more or less 
; ; wing-like. Each hind 
Fig. 513.—Wing of Pseudococcus. (From Patch.) wing is furnished with a 
bristle, which is hooked at the end and fits into a pocket or fold 
on the inner margin of the fore wing of the same side; in a few spe- 
cies there are two or three or more of these hamuli. 

The venation of the fore wings is greatly reduced; a wing of 
Pseudococcus (Fig. 513) will serve to illustrate the usual type of wing- 
venation found in this family. 


The legs are wanting in many adult females, having been lost 
during the metamorphosis. In adult males they-are of ordinary 
form; except in a few species, the tarsi are one-jointed, and each is 
furnished with a single claw. Accompanying the tarsal claw there 
are often a few long, clubbed sete, the drgitules (Fig. 514); these are 
tenent hairs; some of the digi- 
tulesarise from the tip of the 
tarsus, and some from the 
claw. 

The caudal end of the ab- 
domen of the male usually = ~~ ; 
bears a slender tubular pro- Fig. 514.—Leg of a female Lecanium: d, d, 

digitules. 
cess, the stylus. In some spe- 
cies the stylus is as long as or even longer than the abdomen; in others 
it is short, and in some it is apparently wanting. The stylus serves 
asa support for the penis, which is protruded from it and in some 
species is very long. 

The female coccid is always wingless, and the body is either scale- 
like or gall-like in form, or grub-like and clothed with wax. ‘The 
waxy covering may be in the form of powder, of large tufts or plates, 
of a continuous layer, or of a thin scale, beneath which the insect lives. 

The eyes of coccids exhibit varying degrees of degeneration and 
retardation of development. The extreme of degeneration is found 
in the females, where there is only a single simple eye on each side 
of the head; this is probably a vestige of a compound eye. In the 
adult males of the more generalized forms, compound eyes are present; 
and in some of these forms, there are also ocelli, two in some and three 
in others. When compound eyes are present the facets are usually 
large, and not closely associated. In the more specialized forms, 
instead of compound eyes there are on each lateral half of the head 
from two to eight widely separated simple eyes, which may be 
scattered vestiges of compound eyes. 
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The structure and development of the eyes of the male of the common mealy- 
bug, Pseudococcus (Dactylopius) destructor, was studied by Krecker ('o9). In 
this insect there is on each side of the head a very small eye; since these are the 
only eyes possessed by the young nymphs, they were termed by Krecker the 
primary eyes. In the adult, in addition to the primary eyes, there are two pairs of 
eyes, One pair on the dorsal aspect of the head, and a second pair on the ventral 
aspect; these he termed the accessory eyes. 

The so-called primary eyes are very de- 
generate, in the adult at least. There is a 
lens below which there are a few retinal cells; 
but there is no corneal hypodermis, no rhab- 
doms, and no iris. 

The development of the so-called acces- 
sory eyes is greatly retarded. The histo- 
blasts from which they are developed appear 
in the latter part of the second nymphal 
stadium or in the beginning of the third; 
these are thickenings of the hypodermis. 
When fully developed as seen in the adult, 
the accessory eyes (Fig. 515) have a large 
circular cornea, followed by a comparatively 
thin layer of corneal hypodermis, encircling 
which is a single row of large iris cells. Below 
the corneal hypodermis there is a crescent- Fig. 515.—A depigmented ‘‘acces- 
shaped area of polygonal rods (rhabdoms), sory eye’’ of Pseudococcus de- 
which are terminally situated upon the ret- — structor: c, cornea; h, corneal 
inal cells. From the proximal end of the hypodermis; 7, iris cell; r, reti- 
retinal cells extend the nerve fibrils which  nalcells; , nerve. 
join to form the optic nerve, which follows 
the contour of the head to enter the brain lateral- 
ly. Reddish brown pigment fills the retina, theiris, 
and also a ridge surrounding the eyes. There are 
no cells which function as pigment cells alone. 


The antenne of the males are long and 
slender, and consist of from six to thirteen 
segments; in some of the Margarodine they 
are branched or flabellate. The antenne of 
adult females exhibit great variations in 
structure; they may be well developed and 
consist of as many as eleven segments; or 
they may be greatly reduced in size and in 
the number of segments; in some species 
they are either vestigial or entirely wanting 
in adult females. 

The mouth-parts are situated on the 
hind part of the ventral aspect of the head, 
and often extend caudad of the first pair of 
legs. In front of the beak there is a densely 
chitinized area, which includes the clypeus, 
Fig. de eae ae: thelabrum,and themandibular ane 

coccid: A, the dense’y <clerites. In cleared specimens there can be 
a wai eee ? seen within this area a complicated endo- 
labrum; | 0, cesophagus; skeleton (Fig. 516, A). oo 

s, loop of mandibular and =" The labium (Fig. 516, B), which is com- 
maxillary sete “ia” the monly termed the beak or rostrum, consists 


on aes Boas of three segments in a few forms found in 
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New Zealand, but usually it is more or less reduced, consisting either 
of two segments or of only one; in a few subfamilies it is wanting 
in the adult. The mandibular and maxillary sete are wanting in 
the later nymphal instars of some forms, in some adult females, 
and in all adult males. These seta, when present, are usually 
long, frequently longer than the body, and in some species sev- 
eral times as long. When not exserted, they are coiled within a 
pouch, termed the cruména, only their united tips extending to the 
labium. The crumena is a deep invagination of the body-wall, which 
extends far back into the body-cavity. Its walls are delicate, and 
not easily observed; but the coiled setze within it can be easily seen 
in cleared specimens (Fig. 516, s). 

In the classification of coccids, the characters most used are those 
presented by the female, although those of the male are used to some 
extent. The most available characters of the female are the following: 
first, the general form of the body; second, the form of the waxy 
excretions; third, the structure of the caudal end of the body; and 
fourth, the form and position of the pores through which the wax is 
excreted. 

To study the third and fourth classes of characters listed above, 
it is necessary to remove the wax, to clarify the body, and, in some 
cases, to stain it. The method most commonly used forremoving the 
wax and clarifying the body is to boil the specimen in a ten per cent. 
aqueous solution of caustic potash. For staining the body, Gage (’19) 
found that a solution of saurefuchsin was most satisfactory; his 
formula for the preparation of this solution is as follows: 


Satirehu Csi ra ave ateosdete Sic sie onetel os oik wouatics Meyocans sreveneiete oe eaters ree tel 0.5 gr. 
Hy drochloricacid\;109Gme ete see ea a eee ee 25.0 C.Cc. 
Distilledswater savas coh dousticass ancl eis dsitiovan: gene title 300.0 ¢.c. 


The cleaned and stained 
specimens are usually mounted 
in Canada balsam for micro- 
scopic examination. 

Within the family Coccidz 
there are to be found most re- 
markable variations in struc- 
ture; this is especially true of 
the form of the caudal end of 
the body and of the form of the 
parts through which the wax 
and other excretions are exud- 
ed. These characters have been 
described by many authors; 
but, unfortunately, there is a 


, great lack of uniformity in the 
Fig. 517.—Caudal end of female of Eriococ- terminology used by them 
cus araucarie: r, anal ring; s, anal-ring In thi 1 1 uffici : 
set; /, anal lobe; as, anal seta. Be- 1S 2 DAC OUyE euCeny 
tween the bases of the anal-ring setae SPace can be taken to define 
there are openings of wax-glands. the more important struc- 
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tures, using the terms that are more generally applied to them. 

The anai ring.—In the mealy-bugs, the tortoise-scales, and the 
lac-insects, and in the nymphs of some others, the anus is 
surrounded by a well-defined ring, the anal ring (Fig. 517, 1). 

_The anal-ring sete —The anal ring bears several, from two to 
eae usually six, long and stout sete, the anal-ring sete (Fig. 
ELy, 1S). 

The anal lobes —In many coccids, the caudal end of the body is 
terminated by a pair of lobes, the anal lobes (Fig. 517, 1). 

The anal sete.—Each anal lobe bears one or more prominent sete, 
the anal sete (Fig. 517, as). 

The anal plates—In the subfamily Lecaniine, the abdomen of 
the female is cleft at the caudal end, and, at the cephalic end of the 
cleft, there is a pair of tri- 
angular, or sometimes sem1-cir- 
cular plates, the anal plates 
(Fig. 518, ap). 

The pygidium.—In the sub- 
family Diaspidine, the abdo- 
men of the adult female is ter- 
minated by a strongly chi- 
tinized unsegmented region, 
which consists of four co- 
alesced segments (Fig. 519); 
this region is termed the pygid- 
tum by writers on the Coccide. 
This application of the term 
pygidium is quite different 
from that used in descriptions 
of other insects, where it refers 


Lecanium, 
: 1 d:ap, 
only to the tergite of the last Datei 


abdominal segment. A more Fig. 519.—Adult female 


Lepidosaphes: p, py- 


detailed account of the charac- adie 


ters presented by the pygidium 
of the Diaspidinzis given later. 

The spines and the sete. —The position and number of spines and 
of sete are often indicated in specific descriptions. Care should be 
taken to distinguish between these two kinds of structures. A seta 
can be recognized by the cup-like cavity in the cuticula, the alveolus, 
within which it is jointed to the body; while a spine is an outgrowth 
of the cuticula that is not separated from it by a joint. See figure 42, 
page 32. The writer in his early works on the Coccide (’81, ’82, ’83) 
termed certain spine-like seta spines. 

The outlets of wax-glands.—In the Coccide there are many minute 
openings in the cuticula through which wax is excreted; these vary 
greatly in form, in position on the body, and in the structure of the 
part of the cuticula through which they open. As the characters 
presented by these openings are much used in the classification of 
coccids, a very elaborate terminology referring to them has been 
developed. Unfortunately different authors use quite different terms, 
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and, therefore, it is necessary to learn the terms used by an author in 
order’to understand his descriptions. The most detailed and sys- 
tematic terminology that has been proposed is that of MacGillivray 
(’21). Some of the many terms adopted by this author are defined 
below. 

The ceratube.—In the Diaspidinz and in some species of several 
other subfamilies, the terminal portion of the outlet of some of the 
wax-glands is an invaginated cuticular tube. The inner end of this 
tube is truncate, and, in the Diaspidine, bears a perforated knob. 
This invaginated cuticular tube is termed a ceratuba. The ceratube 
vary greatly in length and in shape; in some the greater part of the 

tube is reduced to a fine thread, 
(@\®) 
O 
are flush with the body-wall, but 
some of them open through plates 

The cerores—The various types of outlets of the wax-glands in 

which the cuticula is not invaginated soas to form a ceratuba are 


with a bulb-like inner end. A 
in the marginal fringe. The dif- 
termed cerores. The openings of cerores through the cuticula vary 


few ceratube are represented ina 
diagram given later (Fig. 522). 
The openings of most ceratubee 

Fig. 520.—Several types of openings of ferent types of ceratubz have re- 
aaa ceived distinguishing names 
formed by combining a prefix with the word ceratube. 


Fig. 521.—Diagram of a pygidium of a diaspid: a, anus showing through the 
body; d, densariz; g, genacerores; i, incisions; /, first pair of lobes; pe, 
pectine; pl, plate; s, sete; v, vagina. 

greatly in form; several types of these openings are represented in 

Figure 520. While in most cases the openings of cerores are flush 

with the general surface of the cuticula, in some coccids (Ortheziinz) 

the cerores open through spines. There are also variations in the 

grouping of the cerores. Each of the various types has received a 

technical name formed by combining a prefix with the word cerores. 
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Thus, for example, the cerores that occur in four or five groups about 
the genital opening in many of the Diaspidine (Fig. 521, g) are termed 
genacerores. 

The features of the pygidium.—The pygidia of adult female diaspids 
present characters that are much used in distinguishing the species 
of this subfamily; among these are the following. 


Fig. 522.—A composite diagram of a pygidium: a, anus; b, marginal ceratube, 
with elongated openings; d, ceratubze opening through plates; e, linear 
ceratube; /, 1, 1, lobes; the lobes of the second and third pairs are divided. 


The position of the anus, which opens on the dorsal aspect of the 
pygidium at varying distances from the end of the body (Fig. 522, a). 

The opening of the vagina, on the ventral aspect of the pygidium 
(Fig. 521, 2). 

The presence or absence of groups of genacerores (Fig. 521, g), the 
number of these groups when present, and the number of cerores in 
each group. The different groups are distinguished as the median 
group (mesogenacerores), the cephalo-lateral groups, one on each side 
(pregnacerores), and the caudo-lateral groups, one on each side 
(postgenacerores), respectively. These all open on the ventral aspect 
of the pygidium. Each genaceroris has several openings. 

The position and number of openings of ceratube, and the types 
of ceratubz that are present (Fig. 522). 

The number of pairs of lobes borne by the margin, the shape of 
the lobes, and whether they are divided or not (Fig. 522, /, 1, 1). . The 
pairs of lobes are numbered, beginning with the pair at the end of 
the body; in some species this pair is represented by a single lobe. 

The number of pairs of incisions (incisure) in the margin of the 
pygidium (Fig. 521, 7). 253 

The presence or absence of thickenings of the margins of the 
incisions (densarie); these are thickenings of the ventral wall (Fig. 
521, @). 
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The presence or absence of club-shaped thickenings of the dorsal 
wall (paraphyses) that extend forward from near the bases of the 
lobes (Fig. 523, p). ; 

The presence or absence of a thickening of the lateral margin of 
the pygidium cephalad of the region in which the lobes are situated, 
and resembling the lobes in structure (Fig. 523, m). 

The number and shape of the thin projections of the margin, 
known as plates. Two quite distinct types of plates can be dis- 
tinguished: in one they are broad and fringed (Fig. 521, pe); the 
plates of this type have been termed pecting; in the other type they 
are spine-like in form (Fig. 521, pl); some writers restrict the term 
plate to this type, and use pectine for the first type. Each plate 
contains the outlet of a wax-gland. 


Fig. 523.—Part of the pygidium of Chrysomphalus tenebricosus, ventral aspect, 
with the paraphyses (pp) of the dorsal wall showing through: /, /, 1, lobes; 
m, thickened margin; s, spine-like sete. 


The metamorphosis of coccids—In this family the two sexes are 
indistinguishable during the first nymphal stadium. Both are fur- 
nished with legs, antennz, and functional mouth-parts. It is during 
this period that the sedentary species spread over the plants that they 
infest. In their subsequent development the sexes differ greatly; 
hence the metamorphosis of each can be best discussed separately. 

The females never become winged. Some, as the mealy-bugs and 
Orthezia, continue active throughout their entire or almost entire life; 
but most forms become sedentary early in life and remain fixed upon 
their host. Many species lose their legs and antennz when they 
assume the quiescent form; and in some the mandibular and maxillary 
seta are wanting in the adult. The number of nymphal instars in 
females varies from two to four; the smaller number occurs in the 
more specialized subfamilies. 

In the males there are usually four nymphal instars. During the 
latter part of the nymphal life the male is quiescent, having formed a 
cocoon or a scale within or beneath which it remains till it emerges 
as an adult. The stage of development at which the quiescent 
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period begins varies greatly. Thus, while in the mealy-bugs the 
cocoon is made during the second stadium, in Jcerya it is not made till 
near the end of the third. In the Diaspidine the formation of the scale 
begins either at the close of the first stadium or immediately after the 
first molt. With the molt at the beginning of the quiescent period 
the male loses its legs, antenne, and mandibular and maxillary sete. 
The sete are not replaced; and, consequently, the adult males can 
take no food. The legs and antenne of the adult are developed from 
histoblasts, as in insects with a complete metamorphosis; the wing- 
buds appear in the last nymphal stadium; but they are developed 
externally, as in insects with a gradual metamorphosis. The type of 
metamorphosis of the male coccid is, therefore, neither strictly com- 
plete nor gradual. This illustrates the difficulty of attempting to 
make sharp distinctions; for in nature all gradations exist between 
the different types of structure and of development. 


The classification of the Coccide.—The different writers on the 
Coccide have grouped the genera into a variable number of sub- 
families. In the classification by MacGillivray (21), this author 
recognizes seventeen subfamilies, and gives two tables for separating 
them, one based on the characters presented by the first nymphal 
instar, and one on those of adult females. Tables are also given for 
separating the genera and species of the different subfamilies. 

The following are a few of the better-known representatives of 
this family found in this country. Several subfamilies not mentioned 
here are represented in our fauna. 


SUBFAMILY MONOPHLEBINA 
The Giant Coccids 


The common name of this family 
was suggested by the large size of 
many of the exotic species. The 
best-known species found in North 
America is of moderate size; this is 
the cottony-cushion scale, I[cérya 
piirchast (Fig. 524). The adult fe- 
male measures from 4 to 8 mm. in 
length, is scale-like, dark orange- 
red, and has the dorsal surface more 
or less covered with a white or yel- 
lowish white powder. It secretes a 
large, longitudinally ribbed egg-sac, 
which is white tinged with yellow 
This beautiful insect was at one time 
the most dangerous insect pest in 
California, and did a great amount of : 
injury. It isan introduced Austra- Fig. 524.—-Icerya purchasi: females, 
lian species, and has been subdued adults, and young on orange. 
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to a great extent by the introduction of an Australian lady-bug, 
Rodolia cardinalis. 


SuBFAMILY COCCINZ 
The Cochineal Coccids 


This subfamily is of especial interest because it includes the 
cochineal insect, Céccus cacti. This isa native of Mexico, but occurs 
in the southern United States. It feeds upon various species of the 
Cactaceee. It has been extensively cultivated in India, Spain, and 
other countries. The adult female bears some resemblance toa 
mealy-bug, but differs in lacking anal lobes and an anal ring. It 
excretes a mass of white cottony threads, within which the eggs are 
laid. The dye-stuff consists of the female insects, which, when mature, 
are brushed off the plants, killed, and dried. The entire insect is used. 
Cochineal is now being superseded by aniline dyes, which are made 
from coal-tar. 


SUBFAMILY ORTHEZIINZ 
The Ensign Coccids 


Members of this subfamily occur 
not uncommonly on various weeds. 
They are remarkable for the sym- 
metrically arranged, glistening, white 
plates of excretion with which the body 
is clothed. Figure 525 represents a 
nymph; in the adult female, the ex- 
cretion becomes more elongated pos- 
teriorly, and forms a sac containing 
the eggs mixed with fine down. Later, 
when the young are born, they excrete 
a sufficient amount of the lamellar 
excretion to cover them. In many 
species the egg-sac is held in a more 
or less elevated position; this fact 
suggested the common name ensign- 
Fig. 525.—Orthezia, greatly en- coccids for these insects. Most of our 

larged. species belong to the genus Orthezia, 


SUBFAMILY ERIOCOCCINA® 
The Mealy-Bugs 


This subfamily includes many genera and species; the best-known 
members of it are certain mealy-bugs, which are the most common 
and noxious of greenhouse pests. These insects have received the 
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Fig. 526.—Pseudococcus 
longispinosus. 


Fig. 527.—Pseudococcus citri. 


name mealy-bugs because their bodies are covered with a fine granular 


excretion, appearing as if they 
had been dusted with flour. 
The females are active nearly 
throughout their entire life. 
The males make a cocoon 
early in their nymphal life in 
which they remain till they 
emerge as adults. 

Figure 526 represents 
Pseudocéccus longispinésus, a 
common speciesin greenhouses; 
and Figure 527, Pseudocéccus 
citri, another species that is 
found in greenhouses in the 
North. The latter species is 
also a well-known pest of 
orange trees in the South. 

Several species of mealy- 
bugs of the genus Aipérsia are 
found in the nests of ants of 
the genus Lasius. 


SuBFAMILY LECANIINA 
The Tortoise-Scales 


The tortoise-scales are so 


named on account of the form Fig. 528.—Lecanium hesperidum, adult fe- 


of the body in many species. 


males, natural size. 
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The most striking characteristic of this subfamily is that the abdomen 
of the female is cleft at the caudal end, and at the cephalic end of this 
cleft there is a pair of triangular or semicircular plates, the anal plates 
(Fig. 518). 
This is a large subfamily including many genera and species. 
While the various forms agree in the distinguishing characteristics 
given above, thereare great differences in the appearance of the adult 
females. Many of them excrete very little wax, the body being 
practically naked, and the eggs, or the young in the viviparous species, 


Fig. 529. Satssetia olee: 1, adult females on olive, natural size; ra, female, 
enlarged. 


are deposited beneath the body; in other species, although the body 
is nearly naked, the adult female excretes a large, cottony egg-sac; 
and in still others the body is deeply encased in wax. 


The three following species will serve as examples of those in 
which the body is naked and which do not form an egg-sac. 

The soft scale, Lecanium hespéridum.—This is the commonest 
and most widely spread member of this subfamily; it infests a great 
variety of plants; in the North, it is very common in greenhouses; 
in the warmer parts of the country it lives out of doors. The adult 
female is nearly flat (Fig. 528), and is viviparous. 
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The black scale, Saissétia dlee—This is a well-known pest, es- 
pecially in California, where it infests various kinds of fruit-trees and 


other plants. The adult fe- 
male is dark brown, nearly 
black, in color; nearly hemi- 
spherical in form (Fig. 529), 
often, however, quite a little 
longer than broad. There isa 
median longitudinal ridge on 
the back, and two transverse 
ridges, the three forming a 
raised surface of the form of a 
capital H. 

The hemispherical scale, 
Saissétia hemispherica.—The 
adult female is nearly hemi- 
spherical in form, with the 
edges of the body flattened 
(Fig. 530). This species is 
found in conservatories every- 
where, and in the open air in 
warmer regions. 

Pulvinaria.—Those mem- 
bers of this subfamily in which 
the adult female is nearly 
naked but excretes a large 
cottony egg-sac beneath or be- 
hind the body, are represented 
in this country by the genus 
Pulvinaria, of which we have 
many species. Our best-known 
species are the two following. 

The cottony maple-scale, 


SS) for af 


Fig. 530.—Satssetia hemispherica: 3, adult 
females on orange, natural size; 3a, 
adult female, enlarged. 


Pulvinaria vitis.—This species is common on maple, osage orange, 
grape, and other plants. Figure 531 represents several adult females 


Fig. 531.—Pulvinarta vitis. 


with their egg-sacs on 
a cane of grape. 

The maple-leaf 
pulvinaria, Pulvinaria 
acertcola.—This 
species is also found 
on maple. It differs 
from the preceding 
species in that the egg- 
sac is much longer 


than the body of the female, and is formed on the leaves instead of 


on the stem of the host. 


Ceroplastes.—In this genus the body of the female is covered with 
thick plates of wax. More than sixty species have been described, 
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several of which are found in the southern United States; the follow- 
ing will serve as an example of these beautiful insects. 

The barnacle scale, Ceroplastes cir- 
ripediformis.—Several individuals of 
this species are represented natural size, 
and one enlarged, in Figure 532. It 
infests orange, quince, and many other 
plants. 


SuBFAMILY _ KERMESIINAL 
The Pseudogall Coccids 


This subfamily includes only one 
genus, Kérmes. Species of this genus 
are common on oaks wherever they 
grow. These insects are remarkable 
for the wonderful gall-like form of the 
adult females. So striking is this re- 
semblance, that they have been mis- 
taken for galls by many entomologists. 
Fig. 533 represents a species of this 
genus upon Quercus agrifolia. The gall- 
like bodies on the stem are adult fe- 
males, the smaller scales on the leaves 
are immature males. 


SuBFAMILY DIASPIDINZ 


‘a The Armored Scales 
Fig. 532.—Ceroplastes cirripeds rOyTy-f : 
formis. The Diaspidine includes those coc- 


cids that form a scale, composed in 
part of molted skins and partly of an excretion of the insect, beneath 
which the insect lives. It is on account of this covering that these 
scale-insects are named the armored scales. The Diaspidine arealso 
characterized by a coalescence of the last four abdominal segments 
so as to form what is known as the pygidium; this peculiar structure 
is described on an earlier page. 

The formation of the scale begins immediately after the close of 
the active period of the first nymphal instar. At this time the young 
insect settles and begins to draw nourishment from its host. Soon 
after, there exude from the body fine threads of wax, the commence- 
ment of the formation of the scale. At the close of the first stadium, 
the molted skin is added to the scale and forms a part of it. This is 
also true, except as noted below, of the second molted skin of the 
female (Fig. 534, 2b and 2c). In the formation of the scale of the 
male only the first molted skin is added to the scale (Fig. 534, 2d). 
The scales of males can be distinguished by this fact, and, too, they are 
much smaller than the scales of females. i 
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In a few genera the female does not molt the second exuvie*: 
the body shrinks away from it, and transforms within it. In such 
cases 1s 1t termed a puparium. Figure 535 represents the scale of 


Fiorinia fiorinie; here the puparium can be seen through the trans- 
parent scale. 


i ye 


Fig. 533-—Kermes sp. on Quercus agrifolia: adult females on the stem; immature 
males on the leaves. 


The shape of the scale, and the position of the exuvie on it, fur- 
nish characters that are very useful in the classification of the 
Diaspidine. . | 

To this subfamily belong some of the most serious pests of shrubs 
and trees, as, for example, the San José scale and the oyster-shell scale. 
The following are a few of the many well-known species of this very 
important subfamily. 

*The term exuvie is a Latin word which had no singular form, the plural 


noun being used as is in English the word clothes. Some recent writers use the 
term exuvia for a single molted skin. 
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The purple scale, Lepidésaphes pinnefirmis.—This scale-insect is 
well known in the orange-growing sections of this and of other 


Aaxid, 


Fig. 534.—Chionaspis pintfolie: 2, scales on Pinus strobus, natural size, leaves 
stunted; 2a, leaves not stunted by coccids; 2b, scale of female, usual form, 
enlarged; 2c, scale of female, wide form, enlarged; 2d,scale of male, enlarged. 


countries. It is one of the two most common scale-insects found on 
citrus trees in Florida. The scales of this species are represented in 
Figure 536; they are represented natural size on the leaf, and greatly 
enlarged in the other figures. The scale of the female 
is long, more or less curved, and widened posteriorly 
(Fig. 536, raand rb); the first of these two figures repre- 
sents the dorsal scale, and the second the ventral scale, 
which is well developed in this species. Some eggs can 
be seen through a gap in the ventral scale. The scale 
of the male (Fig. 536, rc) is usually straight or nearly so. 
At about one-quarter of the length of the scale from the 
posterior extremity, the scale is thin, forming a hinge 
Fig. 535.—Fi- which allows the posterior part of it to be lifted by the 
orinia forine, Male as he emerges. While this insect is chiefly known 

as a pest of citrus trees, it has been found on several 
other species of plants. It has been described under several different 
names; for a long time it was known as Mytildspis citricola. 
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Glover’s scale, Lepiddsaphes glovérii—This is the second of the 
two most common species of scale-insects found on citrus trees in 
Florida. In this species the scale of the female is much narrower than 
that of the preceding species. This species is widely distributed over 
the warmer parts of the world. 

The oyster-shell scale, Lepidosaphes ulmi.—This is a northern rep: 
resentative of the genus to which the two preceding species belong, 
It is closely allied to the purple scale; in fact Figure 536 would serve 
to illustrate this species except that it does not occur on orange and 
that it is found chiefly on the trunk of its host. The two species differ 
in the characters presented by the pygidium. The oyster-shell scale is 


ig. 6.—Lepidosaphes pinneformis: 1, scales on orange, natural size; Ia, 
x Seale of foe dorsal view, enlarged; 1b, scale of female with ventral scale and 
eggs, enlarged; zc, scale of male, enlarged. 


a cosmopolitan insect, and it infests very many species of shrubs and 
trees. In the North it is the commonest and best-known scale-insect 
infesting fruit-trees and various ornamental shrubs. It is discussed 
in all of our manuals of fruit-insects; in some of them it is described 
under the name Mytildspis pomorum. Wauid 
The scurfy scale, Chiondspis ftirfura.—This, like the preceding 
species, is a very common pest of the apple and various other trees 
and shrubs; but usually it is not very destructive. In this species 
the scale of the female is widened posteriorly, and bears the exuvie 
at the anterior end (Fig. 512, rc). The scale of the male is very small, 
being only .75 mm. in length, narrow, and tricarinated (Fig. 512, 1a). 
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The pine-leaf scale, Chiondspis pinifolie.—This is a very common 
pest of pine, spruce, and other coniferous trees, throughout the 
United States and Canada. It infests the leaves of its various hosts. 
The scale of the female is snowy white in color, with the exuvie 
light yellow; it is usually long and narrow, as represented in Figure 
534, 20; but on the broader-leaved pines it is often of the form shown 


Fig. 537.—Aulacaspis rose: 1, scales on rose, natural size; ra, scale of female, 
enlarged; 1b, scale of male, enlarged. 


at 2c in the figure; this is the typical form of the scale of the female 
in the genus Chionaspis. 

The rose-scale, Aulacdspis rose.—This species infests the stems 
of roses, blackberry, raspberry, dewberry, and some other plants. 
The infested stems often become densely coated with the scales. 
The scale of the female is circular, snowy white, with the exuvie light 
yellow and upon one side (Fig. 537, 1a). The scale of the male is also 
white; it is long, tricarinated, and with the exuviz at one end (Fig. 
537, 10); it measures 1.25 mm. in length. 


The San José scale, Comstockaspis perniciésa.—The San José scale 
was first described by the writer in 1881, under the name Aspididtus 
perniciosus. It has since been made the type of a new genus, Com- 
stockaspis, by MacGillivray (21). At the time it was described it 
was known only in Santa Clara County, California. But in describing 
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it, notwithstanding its limited distribution, I stated: “From what I 
have seen of it, I think that it is the most pernicious scale-insect 
known in this country.” Since that time it has become widely dis- 
tributed. Slingerland and Crosby write of it as follows: “The San 
José scale has attained greater notoriety, has been the cause of more 
legislation, both foreign and interstate, and has demonstrated its 
capabilities of doing more injury to the fruit interests of the United 
States and Canada than any other insect.” 

This species infests various fruit-trees and ornamental shrubs; it 
infests the bark, leaves, and fruit of its hosts, and usually causes 
reddish discolorations of the bark and of the skin of the fruit. 

This species can be distinguished from the other scale-insects 
that are important pests of our fruit-trees by the form of the scales. 
The scale of the female is circular and flat, with the exuviz central, 
ornearly so. The scale is gray, excepting the central part, that which 
covers the exuviz, which varies from a pale yellow to a reddish yellow. 
Itmeasures 2mm.in diameter. The scale of the male is black, and is 
somewhat elongate when fully formed. The exuvie is covered with 
secretion; its position is marked by a nipple-like prominence which 
is between the center and the anterior margin of the scale. 

Control of scale-insects—The extensive damage that has been done 
by scale-insects to fruit-trees and to cultivated shrubs has led to many 
experiments in the destruction of these insects. The results have been 
quite satisfactory; with proper care, it is now possible to keep in 
check the ravages of these pests. Detailed accounts of the methods 
to be employed are given in many easily available publications, and 
especially in bulletins of experiment stations. 

In the case of deciduous trees and shrubs, the best time to destroy 
scale-insects infesting them is during the winter, when the trees are 
bare and in a dormant state. At this time the entire tree can be 
reached with sprays, without the interference of leaves; and, too, 
certain sprays can be safely used that are liable to injure the trees 
during the growing season. This is especially true of the lime-sulphur 
mixture, which is very widely used for the destruction of scale-insects, 
and is very effective. Among the other insecticides used for this 
purpose are kerosene emulsion and dilute miscible oils. For summer 
spraying, whale-oil soap, one pound dissolved in four or five gallons 
of water, can be safely used. 

In the case of trees that are constantly clothed with foliage, the 
effective use of sprays is more difficult. In the orange-growing sections 
of California the trees are fumigated with hydrocyanic acid gas, the 
tree to be treated being first covered with a large tent. 


CHAPTER XXII 
ORDER DERMAPTERA* 


The Earwigs 


The winged members of this order usually have four wings; but in 
some of them the wings are wanting. The fore wings are leathery, very 
small, without veins, and when at rest meet 1m a straight line on the back; 
the hind wings, when well developed, are large, with radiating veins, and 
when at rest are folded both lengthwise and crosswise. The mouth-parts 
are formed for chewing. The caudal end of the body is furnished with a 
pair of appendages, the cerci, which usually resemble forceps. The 
metamorphosis is gradual or wanting. 


This order includes three families, Forficulide, Arixeniidae and 
Hemimeridz. The order is made up largely of the earwigs of the 
family Forficulidae. These are long and narrow insects resembling 
rove-beetles in the form of the body and in 
having short and thickened fore wings (Fig. 
538); but the earwigs are easily distinguished 
from rove-beetles by the presence of a pair of 
forceps-like appendages at the caudal end of 
the body. 

The common name, earwig, was given to 
these insects in England, and has reference toa 
widely spread fancy that these insects creep 
into the ears of sleeping persons. Other similar 
names are applied to them in Europe, Ohr- 
Wurm in Germany and perceoretlle in France. 

The earwigs are rare in the northeastern 
United States and Canada, but are more often 
found in the South and on the Pacific Coast. 
In Europe they are common, and often trouble- 
some pests, feeding upon the corollas of flowers, 
fruits, and other vegetable substances. Some 
species are carnivorous, feeding on other in- 
sects, and some are probably scavengers. They 
are nocturnal, hiding in the day-time among leaves and in all kinds 
of crevices, and coming out by night; sometimes they are attracted 
to lights. 

Earwigs are small or of moderate size; the living species measure 
from 2.5 to 37 mm. in length. The body is narrow and flat. The 
mouth-parts are fitted for chewing, and resemble in their more 
general features those of the Orthoptera; minute but distinct parag- 
natha are present; and the second maxilla are incompletely fused. 
The compound eyes are rather large; but the ocelli are wanting. 
The antenne are slender, and consist of from ten to thirty-five seg. 


Fig. 538.—An earwig, 
Labia minor, male. 


*Dermaptera: derma (d¢pua), skin; pteron (wrepév), a wing. 
(460) 
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ments; the second segment is always small. The fore wings are leath- 
ery, very short, without veins, and when at rest meet in a straight line 
on the back. This pair of wings is commonly termed the tegmina 
or the elytra. The hind wings when at rest are folded both length- 
wise and crosswise and project a short distance behind the fore wings 
(Fig. 538). The radiating veins of the hind wings extend from a 
point near the middle of the length of the wing (Fig. 539). When 
the wing is not in use, that part over which the radiating veins ex- 
tend is folded in plaits likeafan. This part of the wing is the greatly 
expanded anal area. The preanal area is much reduced with but 
two longitudinal veins, and is quite densely chitinized. The trachea- 
tion of the hind wings has been described and figured by the writer 


Fig. 539.—Hind wing of an earwig: mf, nodal furrow. 


(Comstock ’18). The wings vary much in size and development even 
in the same species; and there are many species that are wingless. 
The legs are similar in form, and the tarsi are three-jointed. ; 

The most distinctive feature of earwigs is the form of the cerci, 
which are forceps-like, and usually very prominent. A similar form 
of cerci is found, however, in the genus Japyx of the order Thysanura. 
The size and shape of the forceps of earwigs differ in the different 
species and in the two sexes of the same species; they are usually 
more highly developed in the male than in the female; they are used 
as organs of defense and offense, in pairing, and are sometimes used 
as an aid in folding the wings. 

Certain earwigs possess stink-glands, which open through tuber- 
cles situated one on each side near the hind margins of the second 
aid third visible abdominal segments, from which, it is said, they 
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can squirt a foul-smelling fluid to a 

distance of three or four inches. 

The female earwig has smaller for- 
ceps and but six visible abdominal 
sterna while the male has eight. In 
some earwigs the two efferent ducts of 
the reproductive organs open separate- 
ly. The metamorphosis is gradual, 
the wings developing externally. The 
female is said to brood over the eggs 
but to abandon them soon after hatch- 
ing. Fig. 541. — Pro- 

Earwigs are cosmopolitan insects, pape dete eee 
and are easily transported by com- (From Rehn 
merce; consequently exotic species are and Hebard.) 
liable to be found near seaports; and 
some such species have become established in this 
country. The species of the world have been mono- 
: graphed by Burr (’11). 

Fig. 540.—Labia The order isacomparatively small one; only about 
Sands cee four hundred living species have been described, and 
Fa ee ee these are mostly tropical or semitropical. The native 
male. (From and the exotic species that have become established 
Lugger.) in America north of Mexico number together only 

fifteen. 

The seaside earwig, Antsolabis maritima.—tIn this species both 
pairs of wings are wanting, the antennez are 24-jointed, and the 
length of the body is from 18 to 20mm. This earwig is found along 
the coast from Maine to Texas. 

The ring-legged earwig, Antsolabis annilipes—This is also a 
wingless species. ‘The antenne are only 15- or 16-jointed, the body 
is about 10 mm. long and the legs are ringed with fuscous. Its range 
does not extend as far north as that of the seaside earwig, but it 
extends farther inland. 

The little earwig, Labia minor.—In this species the body is thickly 
clothed with fine yellowish pubescence. The body measures only 
from 4 to 5 mm. in length. Figure 538 represents the male, and 
Figure 540, the female. This species is widely distributed in the 
United States and is established in Canada. 

The handsome earwig, Prolabia pulchélla—This species is widely 
distributed over the southern United States; it is found under the 
bark of dead trees. The body is dark chestnut-brown, shining and 
glabrous. It measures from 6 to 6.5 mm. inlength. This species is 
dimorphic; in one form, known as burgessi (Fig. 541), the hind wings 
are shorter than the tegmina. 

The spine-tailed earwig, Déru aculeatum.—In the genus Déru the 
pygidium of the male is armed with a distinct spine (Fig. 542). 
This species is dark chestnut-brown, with the palpi, legs, edges of 
pronotum, and the outer two-thirds of the tegmina yellow. The 
hind wings are usually aborted. The length of the body is 7.5 to 
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11mm. It is distributed from New Jersey and southern Michigan 
to Nebraska, Georgia, and Louisiana. 

The common European earwig, Forficula auricularia—In this 
species and in the preceding one as well, the second tarsal segment is 
lobed and prolonged beneath the third; but the two species can be 
distinguished by the shape of the forceps of the male (Fig. 543). 
The males of this species are dimorphic; in one form the forceps 
average about 4 mm. in length, in the other about 7 mm. This 
common European species appeared in great numbers at Newport, 
Rhode Island, about 1912. 

FamILy ARIXENIIDAE.—This family contains but a single genus, 
Arixemta, which, up to 1913 at least, contained but two species. One, 
A. esau, was taken from the breast-pouch of a bat, Chetromeles tor- 
quatus, in Sarawak, Borneo. The other, A. jacobsoni, was taken on 
guano in a cave in Java which was frequented by bats. This species 
occurred in large numbers crawling over the ground and on the walls 
of the cave. The adults are very hairy, wingless, and viviparous. 
The antennz have fourteen segments but the eyes are greatly reduced 
with from 70 to 80 facets. The mandibles are flattened and the 
cerci are rather long, unsegmented and curved, thus having the 
appearance of weak forceps. See Burr and Jordan, Trans. 2nd En- 
tom. Cong., p. 398, 1913. 

FaMILy HEMIMERIDAE.—This family includes but a single genus, 
Hemimerus, which now contains eight species, hansent (see Figure 308, 
p. 269), bouviert, talpoides, vicinus, advectus, vosselert, sessor, and 
deceptus. These insects are small (from 8.5mm. to 15mm. in length), 
wingless, viviparous ectoparasites on rats of the genus Cricetomys. 
The known species are distributed throughout equatorial Africa as far 
south as the Transvaal. The eyes are absent and the cerci are elon- 
gated, unsegmented but not formed into forceps. The antenne are 
well developed and have eleven segments while the legs, although 
short and stout, are fitted for rather rapid running among the hairs of 
the hosts. The body is broad and flattened, convex above and below, 
and uniformly orange-ochraceous in color, and the surface bears 
minute hairs. See Rehn and Rehn, Proc. Acad. Nat. SC. Phila., 


Vol. 87, pp. 457-508, 1936. 
i 


Tig. 543.—Forficula auricularia: A, 
male with short forceps; B, forceps 
of female; C, long type of forceps 
of male. (After Morse.) 


\ 


Fig. 542.—Doru acu- 
leatum, male. (From 
Blatchley.) 


CHAPTER XXIII 
ORDER COLEOPTERA* 
The Beetles 


The winged members of this order have four wings; but the first pair 
of wings are greatly thickened, forming a pair of “‘wing-covers” or 
elytra, beneath which the membranous hind wings are folded when at rest. 
The elytra meet in a straight line along the middle of the back and serve 
as armor, protecting that part of the body which they cover. The mouth- 
parts are formed for chewing. The metamorphosis 1s complete. 

The order Coleoptera includes only thebeetles. Theseinsects can 
be readily distinguished from all others except the earwigs by the 
structure of the forewings, these being horny, 
veinless ‘“‘wing-covers” or elytra, which meet 
in a straight line along the middle of the 
back (Fig. 544); and they differ from ear- 
wigs in lacking pincer-like appendages at 
the caudal end of the body. Beetles also 
differ from earwigs in having a complete 
metamorphosis. 

Only a few modifications of the typical 
t of characteristics exist in this order; among the 

: os _ more familiar of these are the following: in 
ees iy eae bel some of the Meloide the elytra do not meet 

in a straight line; in many of the Carabidae, 
Curculionidae, et al., the hind wings are wanting, and in some of these 
the elytra are grown together; in a few females of the Lampyrideand 
Phengodidz both pairs of wings are wanting. 

’ The different mouth-parts are very evenly developed; we do not 
find some of them greatly enlarged at the expense of others, as in 
several other orders of insects. The upper lip, or labrum, is usually 
distinct; the mandibles are powerful jaws fitted either for seizing 
prey or for gnawing; the maxillz are also well developed and are 
quite complicated, consisting of several distinct pieces; the maxillary 
palpi are usually prominent; and the lower lip, or labium, is also well 
developed and complicated, consisting of several parts and bearing 
prominent labial palpi. Detailed figures of the maxilla and labium 
of beetles are given in Chapter II. 

In the classification of beetles much use is being made of the 
variations in form of the ventral and lateral sclerites of the thorax. 
Figure 545 will serve as an illustration of these sclerites. One feature 
merits special mention: the cox of the hind legs are flattened and 
immovably attached to the thorax so that they appear to be a part 
of the thorax instead of the basal segment of an appendage. 


Coleoptera: coleos (kodeds), a sheath; pteron (rrepdv), a wing. 
(464) 
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Almost the only use that has been made of the characteristics of 
the wings has been restricted to certain features of the elytra, those 
that can be seen with- . 
out spreading the 
wings. These are the 
shape of the elytra, 
the presence or ab- 

Ax 


sence of striz, the pres- 
ence or absence of 
punctures and their 
distribution when | 
present, and the pres- 

ence orabsenceof seta, B { 
pubescence, or scales i 
on the surface of the Cc 
elytra. A beginning has | 
been made, however, 
to make use of the 
venation of the hind 
wings; this, as yet, is 
restricted to an indi- 
cation of the type of 
wing-venation charac- 
teristic in each case of 
the superfamilies. 

The venation of 
the wings of the Cole- 
optera has become 
greatly modified, and, 
consequently, the de- 
termination of the ho- 
mologies of the wing- 
veins isa difficult mat- Fig. as et ee ee ofa eee ces hele 

tea: rothorax; B, mesothorax; C, 5 
ter. The transforma- CNG aoe em, em, em, epimera; @S, es, es, epis- 
tion of the fore wings terna; s,s, 5, sterna; ¢, ¢, trochantins; x, elytrum; 
into elytra has result- —_y, antecoxal piece of metasternum. 
ed in a great reduction of their venation; and the foldings of the hind 
wings interrupt the veins and cause distortions in their courses. 

It is only recently that extended studies of the wing-venation 
of the Coleoptera have been made, and the conclusions reached by 
the different investigators are not fully inaccord. But much progress 
has been made, and so much interest is being shown in the subject 
that wecan confidently expect that conclusions will soon be reached 
that can be generally accepted. 

Among the recent studies of the subject is an extended one by 
Dr. Wm. T. M. Forbes (’22 6), in which the venation of the hind wings 
of more than fifty species of beetles are figured. The accompanying 
figures (Figs. 546-547), copied from Dr. Forbes’ paper, will serve to 

illustrate his conclusions regarding the homologies of the wing-veins 
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ofvbeetles. Another recent paper in which the venation of the wings 
of many beetles is figured is that of Graham ('22). 


Fig. 546.—Tracheation of wing of imago of Calosoma. (From Forbes.) 


Fig. 547.—Tracheation of wing of imago of Dytiseus verticalis. (From Forbes.) 


Beetles undergo a complete metamorphosis. The larvee, which 
are commonly called grubs, vary greatly in form; some 
are campodeiform, others are scarabeiform, and some 
are vermiform. In some members of the order there 
is a hypermetamorphosis, the successive larval instars 
representing different types of larve; this is true of 
members of the Meloide and Micromalthide. Oc- 
casionally individuals of Tenebrio molitor are found in 
which the wings are developed externally. The pupz 
Fig. 548.—Pu- are exarate, that is, the limbs are free (Fig. 548). These 
ae of a bee- insects usually transform in rude cocoons made of 
earth or of bits of wood fastened together by a viscid 
substance excreted by the larveez. Many wood-burrowing species 
transform in the tunnels made by the larve; and some of the Dermes- 
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tee as well as some of the Coccinellide transform in the last larval 
skin. 

Both larve and adults present a very wide range of habits. While 
the majority of the species are terrestrial, the members of several 
families are aquatic; and while some feed on vegetable matter, others 
feed upon animal matter. The vegetable feeders include those that 
eat the living parts of plants, those that bore in dead wood, and those 
that feed upon decaying vegetable substances. Among the animal 
feeders are those that are predacious, those that feed on dried parts 
of animals, and those that act as scavengers, feeding on decaying 
animal matter. Viewed from the human standpoint, some species 
are very beneficial, others are extremely noxious. 

The Coleoptera is a very large order; in the “Catalogue of the 
Coleoptera of America, North of Mexico” by Leng (’20), 18,547 
speciesare listed; these represent 109 families. The order is divided 
into two suborders, the Adephaga and the Polyphaga. In each of the 
suborders the families are grouped into superfamilies, two in the 
Adephaga and twenty in the Polyphaga; and in the suborder 
Polyphaga the superfamilies are grouped into seven series of 
superfamilies. 

Students of the Coleoptera are not fully agreed as to some of the 
details of this classification; but as this catalogue will doubtless serve, 
for a long time, in this country, as a guide for the arrangement of 
collections, it seems best to follow it in this introductory text-book. 
Some of the places where there is a lack of agreement among the 
authorities are indicated in the conspectus on page 38 of the Catalogue. 


SYNOPSIS OF THE COLEOPTERA 
(Tables for determining the families are given below) 
I. SUBORDER ADEPHAGA 


This suborder includes the first seven families, the Cicindelide to the Gyrinidz 
inclusive, pages 476 to 484. The family Rhysodide (page 508) is also included 
in this suborder by some writers. 


II. SUBORDER POLYPHAGA 


This suborder includes all but the first seven families, or the first eight if the 
Rhysodide be included in the Adephaga. } ] 
The families of this suborder are grouped into seven series, as follows:— 
SERIES I.—THE PALPICORNIA 
This series includes a single family, the Hydrophilide; page 485. 
SERIES II.—THE BRACHELYTRA 
This series includes fifteen families, the Platypsyllide to the Histeride, in- 
clusive, pages 486 to 490. 
SERIES III.—THE POLYFORMIA 
This series includes forty-three families, the Lycide to the Nosodendride, 
inclusive, pages 491 to 508. 
SERIES IV.—THE CLAVICORNIA 


This series includes thirty families, if the Rhysodide be placed here instead of 
in the suborder Adephaga; these are the families Rhysodidw to Ciside, in- 


clusive, pages 508 to 515. 
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& SERIES V.—THE LAMELLICORNIA 
This series includes four families, the Scarabzidz, the Trogide, the Lucanide, 
and the Passalide, pages 515 to 524. 
SERIES VI.—THE PHYTOPHAGA 
This ‘series includes three families, the Cerambycide, the Chrysomelide, 
and the Mylabride, pages 524 to 535. 
SERIES VII.—THE RHYNCHOPHORA 
This series includes six families, the Brentide to the Scolytide, inclusive, 
pages 536 to 542. 


TABLES FOR DETERMINING THE FAMILIES OF THE COLEOPTERA 


TABLE I.—THE SUBORDERS AND THE SERIES OF SUPERFAMILIES 


A. Ventral part of the first segment of the abdomen divided by the hind coxal 
cavities, so that the sides are separated from the very small medial part. 
Suborder ADEPHAGA; see Table II, below. a : ‘ ; 

AA. Ventral part of the first segment of the abdomen visible for its entire 
breadth. Suborder POLYPHAGA. 


Fig. 549.—Head of Harpalus, ven- 
tral aspect: a, antenna; g, g, 


gula; ga, galea or outer lobe of Fig. 550.—Prothorax of Harpalus, 
the maxilla; gs, gular suture; /p, ventral aspect: c, coxa; em, epi- 
labial palpus; m, m, mandibles; merum;es, episternum; f, femur; 
Hea maxillary palpus; s, submen- n, pronotum; 5s, s, s, prosternum, 
um. 


B. Head not prolonged into a narrow beak, palpi always flexible; two gula 
sutures at least before and behind (Fig. 549); sutures between the prosternum 
and the episterna and epimera distinct (Fig. 550); the epimera of the pro- 
thorax not meeting on the middle line behind the prosternum (Fig. 550). 
C. Abdomen with at least three corneous segments dorsally, and exposed 

more or less by the short elytra. Hind wings with simple, straight veins; 
antenne variable, but never lamellate. Series BRACHELYTRA, See Table 
III, below. 
CC. Abdomen with at most two corneous segments dorsally, usually com- 
pie covered by the elytra; hind wings with veins in part connected 
y recurrent veins. 
D. Antennz clubbed or not, but if clubbed not lamellate. 

E. Tarsi usually apparently four-jointed, the real fourth segment 
being reduced in size so as to form an indistinct segment at the 
base of the last segment, with which it isimmovably united (Fig. 
551, A); the first three segments of the tarsi dilated and brush-like 
beneath; the third segment bilobed. In two genera, Parandra and 
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Spondylis, the fourth segment of the tarsus, although much reduced 
andimmovably united with the fifth, is distinctly visible, the first three 


A B G 


Fig. 551.—Tarsi of Phytophaga: A, typical; B, 


Spondylis; C, Parandra. 


segments are but slightly dilated, and the third 
is either bilobed, Spondylis (Fig. 551, B), or not, 
Parandra (Fig. 551, C). Series PHYTOPHAGA. 
See Table VI, below. 

EE. Tarsi varying in form and in the number of 
the segments, but when five-jointed not of the 
type described under E above, the joint be- 
tween the fourth and fifth segments being 
flexible. Series PALPICORNIA, POLYFORMIA, and 
CLAVICORNIA. See Table IV, below. 

DD. Antenne withalamellateclub. Series LAM- 
ELLICORNIA. See Table V, below. 

BB. Head either prolonged into a beak or not; palpi 
usually short and rigid; gular sutures confluent on 
the median line (Fig. 552, gs); prosternal sutures 
wanting; the epimera of the prothorax meeting 
on the middle line behind the prosternum (Fig. 
552, em). Series RHyYNCHOPHORA. See Table 
VII, below. 


TABLE II—THE FAMILIES OF THE SUB- 
ORDER ADEPHAGA 


A. Metasternum with an antecoxal piece, separated by 
a well-marked suture reaching from one side to the other 
and extending in a triangular process between the hind 
COxe#. 


Fig. 552.—Head and 
prothorax of Rhyn- 
chophorus: gs, con- 
fluent gular  su- 
tures; s, proster- 
num; em, . epime- 
tum; ¢, coxa; f, fe- 
mur. 


B. Antenne eleven-jointed; hind cox mobile, and of the usual form; habits 


terrestrial. 


C. Antennz inserted on the front above the base of the mandibles. p. 476. 


@ be ena) ¢ wnecle (etaulolie, 0 .1d.0).G) Sind) vlaliop. (0) G\elle.e.le elle w(eife. 6) (0 slibire 


Ato ae a CICINDELIDAS 
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CC. Antenne arising at the side of the head between the base of the mandi- 


bles and the eyes. , : 

D. Beetles of a round convex form in which the scutellum is entirely 
Concealedye qe 4Gl.) cr mle eae ten ree ier retest OMOPHRONIDA 

DD» Not ‘stich beetles We pr g47.Grere eee eee et CARABIDA 


BB. Antennz ten-jointed; hind coxe fixed and greatly expanded so as to 
conceal the basal half of the hind femora and from three to six of the ab- 
dominal segments; habits aquatic. p. 48I................. HALIPLID& 

AA. Metasternum either with a very short antecoxal piece, which is separated 
by an indistinct suture and which is not prolonged posteriorly between 
the cox, or without an antecoxal piece. 

B. Metasternum with a very short antecoxal piece. p. 481.AMPHIZOIDA 

BB. Metasternum without an antecoxal piece. 

C. Legs fitted for swimming. 


IBY, Whately Gray VO GES, Wy AGP o- coon cchnsousano bod DyTIscID 
DD. With four eyes, two above and two below. p. 484. .GYRINIDZ 
CE) ess) fitted! tor walkine. sp omtSOSonmicer tenner te RuHySODIDA* 


TABLE IJI—THE FAMILIES OF THE BRACHELYTRA 


A. Elytra short, leaving the greater part of the abdomen exposed; the suture 
between the elytra when closed straight; wings present, and when not in use 
folded beneath the short elytra; the dorsal part of the abdominal segments en- 
tirely horny. 

B. Abdomen flexible, and with seven or eight segments visible below. p. 488. 


Be SiC OI eC OE Cie ce ae ther Cite BoC STAPHYLINIDZE 
BB. Abdomen not flexible, and with only five or six ventral segments visible. 
C. Antenne with less than six joints. p. 490............. CLAVIGERIDA 


CC. Antenne eleven-jointed, rarely ten-jointed. p. 489.. PSELAPHIDE 
AA. Elytra usually long, covering the greater part of the abdomen; when 
short the wings are wanting, or, if present, may or may not be folded under 
the short elytra when at rest; the dorsal part of the abdominal segments 
partly membranous. 
B. Hind tarsi five-jointed. 
€ Antenne elbowed, and clavate. p. 400; =:....c64.-+.s6..- HISTERIDA 
CC. Antenne rarely elbowed, and then not clavate. 
D. Abdomen with not more than five ventral segments. 
E. Antenne capitate, the last three segments forming an abrupt club. 
| OUGKOY 0 ees Aah eee SREP SNL MM, MOREE CUON EAN SER ES Soe aA SPHARITIDAT 
EE. Antenne but slightly clavate if at all. p. 490... .SCAPHIDIIDA 


1B, Hae OPCONGONENx, oKAkNOer.5 gees cos ood ao meeoes PLATYPSYLLIDZ 
EE. Anterior coxe either globular or conical. 
In, Meine Corer <alolulis, goe Mee. ek oe cocdr ecu enc LEPTINID 


FF. Anterior cox conical. 
G. Posterior coxe widely separated. 
. Eyes wanting or inconspicuous. p. 487...... SILPHIDA 
HH. With well-developed eyes. 
I. Elytra covering the abdomen. p. 488...SCYDM@NIDA& 
II. Elytra not covering the entire abdomen. p. 490...... 
Sass RMU Geer Sere Sera, Rae a crs SCAPHIDIIDAs 
GG. Posterior cox approximate. 
Fie Bostenon coxam laminates Dime oOnnmeEete ne CLAMBIDA 
HH. Posterior coxe not laminate. 


_ *The Rhysodide is a very aberrant family, and its affinities have been much 
discussed. The form of the ventral part of the first abdominal segment is similar 
to that characteristic of the Adephaga; hence, according to Table I, this family 
should be placed in this suborder. But other characters led Leconte and Horn 
( o ) to place it in the Clavicornia, in which view they are followed by recent 
writers. _ 


{See also p. 508, the Nitidulide of the series Clavicornia. 
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I. » Eyes with large facets:.p. 486..........0. BRATHINID 
Il.. Eyes with.small facets. p. 487.0....se5ee0: SILPHIDA 


OR PL DAT Game DiyAS 7a. tart - chemin snap east, SOTA: fos leks teense a. She SILPHID& 
CC. Hind coxe separate and not covering the femora. p. 488 CORYLOPHIDA 
BBBB. Hind tarsi with only four segments; the fore tarsi, and almost always 
the middle tarsi also, with five segments. p. 487..........0+- SILPHIDA 


TABLE IV.—THE FAMILIES OF THE PALPICORNIA, POLYFORMIA, 
AND CLAVICORNIA 


It is impracticable to separate these three series of families in these tables, 
owing to the fact that characters sharply separating them have not been found. 
A. Hind tarsi five-jointed. ; 

B. Maxillary palpi as long as or longer than the antenne. p.485 HyYDROPHILIDA 
BB. Maxillary palpi much shorter than the antenne. 
C. Tarsal claws very large; the first three abdominal segments grown 
together on the ventral side. 
D. Abdomen with more than five ventral segments; anterior coxe 
WithmeVenvmlanre strOChamlin. 503 =mlaton = er mepee cus eee 4 oie PSEPHENIDA 
DD. Abdomen with five ventral segments. 
E. Anteriorcoxe transverse, with distinct trochantin. p.504.DRYOPIDA 
EE. Anterior coxa rounded, without trochantin. p. 504...ELMIDZ 
CC. ‘arsal claws of usual size; ventral abdominal segments usually free, 
sometimes (Buprestidz) the first two grown together. 
D. Abdomen with not more than five ventral segments. 
E. Femur joined to the apex or very near the apex of the trochanter. 


F, Antenne inserted upon the front. p. 514............. PTINIDA 
FF, Antennz inserted before the eyes. 
GE Able eee ayalnaverote Slopehes,. fay, Shiels oe ato bapace Onno nd ANOBIIDA 


GG. Tibize with distinct spurs. 
H. First ventral segment scarcely longer than the second. 
Ob Ghia ee aves Po Oe Cao ets Seoa old oe ce weaee Or BostRICHID& 
HH. First ventral segment elongated. p. 515...... LyctTipa& 
EE. Femur joined to the side of the trochanter. 
F. Anterior coxz globular or transverse, usually projecting but 
little from the coxal cavity. 
G. Anterior coxz transverse, more or less cylindrical. 
H. Posterior coxee grooved for the reception of the femora. 
I. Legsstout, retractile; tibie Cilated, usually with a furrow 
near the outer end for the reception of the tarsi; tibial 
spurs distinct. 
J. Antenne inserted at the side of the head. 
K. Head prominent, mentum large. p. 508. NOSODENDRIDA 
KK. Head retracted, mentum small. p. 508.BYRRHID& 
JJ. Antenne inserted on the front; head retracted. p. 506. 
ss AU Saee Parole ne AENEID: GOR eaten ei: aaite se CHELONARIIDAS 
Il. Tibiz slender, with small and sometimes obsolete terminal 
spurs, or without spurs. 
Head constricted behind; eyes smooth. p. 494.CUPESIDA 
JJ. Head not constricted behind; eyes granulated. 
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K. Anterior coxe with a distinct trochantin. p. 505. 
ke ERIE. I eet te laters wietistereters &s DASCILLIDA 
KK. Anterior coxe without trochantin. ; 
L. Lacinia of the maxilla armed with a terminal 
hOOleA* PME5OS eet eee ., .EUCINETID 
LL. Lacinia not armed with a terminal hook. p. 505. 
Me Oka. ica .aiba err cx Oreos eebioaicc naar HELODID 
HH. Posterior coxe flat; not grooved for the reception of the 
femora. 
I. Tarsi more or less dilated, first segment not short. ~ 
J. Antenne eleven-jointed, terminated by a three-jointed 


Club Sep A SOS ha ie ater eee emtetocnance wanes NITIDULID 
JJ. Antenne ten-jointed, club two-jointed. p. 508..... 
a See ST BEE uoounboooo0e Goba0 cu I NEMIZoNDsUNGIOYD, 


II. Tarsi slender, first segment short. p. 508. .OsTOMIDZ 


GG. Anterior coxe globular. ‘ 
H. Prosternum with a process which extends backward into a 
groove in the mesosternum. 
I. The first two abdominal segments grown together on the 
Ventra lisides pee 502 serce ot mete ieheiclee naretepeenctere BuPRESTID 
II. Ventral segments free. 
J. Prothorax loosely joined to the mesothorax; front 
coxal cavities entirely in the prosternum. 

K. Posterior coxe laminate; trochanters small. 
L. Antennz somewhat distant from the eyes, their in- 
sertion narrowing the front. p, 502..... EUCNEMID 
LL. Antenne inserted under the margin of the front. 
M. Antenne arising near the eyes. p. 499. ELATERID 
MM. Antenne arising at a distance in front of the 
eyes: a(Perothops)_ 1 5O2eee ee EUCNEMIDE 
KK. Posterior coxee not laminate; trochanters of middle 
and posterior legs very long. p. 499. . .. CEROPHYTID 

JJ. Prothorax firmly joined to the mesothorax; front 
coxal cavities closed behind by the mesosternum. p. 502 
Ba. age toned cts cope gA vest AGP SECM ees RAT OL gyn ree re THROSCID 

HH. Prosternum without a process received by the mesoster- 
num, although it may be prolonged so as to meet the meso- 
sternum. 

I. Posterior coxe contiguous. p. 511 
II. Posterior coxe separated. 

J. Body depressed; middle coxal cavities not closed ex- 
ternally by a meeting of the mesosternum and meta- 
SLELMUI: SDE 5OOR aac ot e tuac ck ee ee CucujIDz& 

JJ. Body more or less convex; middle coxal cavities en- 

tirely surrounded by the sterna. 
Prosternum not prolonged behind. p. 510.... 
dainty iene RRO cee s MyYCETOPHAGIDA 
KK. Prosternum prolonged, meeting the mesosternum. 
L. Anterior coxal cavities open behind. p. 510.... 
siels& agai selon kee beni wade: CRYPTOPHAGID A 
LL. Anterior coxal cavities closed behind. p. 509 
Soa ties Scales eigen aoe: meriack: EROTYLIDA 
FF. Anterior coxe conical, and projecting prominently from the 
coxal cavity. 
G. Posterior coxe dilated into plates partly protecting the femora, 
at least at their bases. 
H. Antenne serrate or flabellate. p. 499....... RHIPICERIDA 
HH. Antenne with the last three segments forming a large club. 
I. Tarsi with second and third segments lobed beneath. 

PAS TOME Facet eee ee Ee cert aot BYTURID 

imaWarsitcimip lee pan 5 0G sean aie ae eee D:RMESTIDA 


beh, ss ee PHALACRIDZE 
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HHH. Antennz with the last three segments somewhat larger 
than the preceding, but not suddenly enlarged. p. 510. 
SRstel geal pmePeherayer aveke halettc sh okt ck ee See TIE ace | DERODONTIDA 
GG. Posterior coxz not dilated into plates partly protecting the 
femora. 
H. Posterior cox flat, not prominent, covered by the femora in 
repose. 
I. Tarsi with the fourth joint of normal size. p. 493. CLERIDA 
II. Tarsi with the fourth joint very small. p. 493. CORVNETIDA 
HH. Posterior coxe conical and prominent. 
I. Anterior coxe with distinct trochantins. p. 493. MELYRIDA 
II. Anterior coxee without trochantins. p. 493. LyMEXYLIDz 
DD. Abdomen with six or more ventral segments. 
E. Anterior coxe globular. 
F. Tibial spurs well developed. p. 499............... CEBRIONIDA 
FF. Tibial spurs very delicate and short. p. 499... .PLASTOCERIDE 
EE. Anterior coxe conical. 
F. Posterior coxze not prominent, flat, covered by the femora in 
repose. 
G. Tarsi with the fourth joint of normal size. p. 493...CLERID& 
GG. Tarsi with the fourth joint very small. p. 493. CoRYNETID& 
FF. Posterior coxz more or less conical and prominent at least in- 
ternally, not covered by the femora in repose. 
G. Anterior coxe long, with distinct trochantins. 
H. Abdomen with seven or eight ventral segments. 
I. Middle coxe contiguous; epipleure distinct. 
J. Episterna of metathorax not sinuate on inner side, epi- 
pleurz usually wide at the base. 
K. Head more or less covered; antennz approximate or 
moderately distant; metathoracic epimera long. p. 491. 


ELS oleh a attire re te He Ie acne or ery TRS ee eet LAMPYRIDA 
KK. Head exposed; antenne distant; metathoracic 
epimers, Wides ps.A92 aa. ae comes ere o0- PHENGODID 

JJ. Episterna of metathorax sinuate on the inner side; 
epipleure narrow at the base. p. 492...... CANTHARIDE 


II. Middle coxe distant; epipleuree wanting. p. 491. Lycip& 

HH. Abdomen with only six ventral segments. p. 493. MELYRIDZ 
GG. Anterior coxe without trochantins. 

H. Elytra entire; length of body 10 mm. or more. p. 493.. 


SES EG Crease ict i ecto catiita Beret ear rea LYMEXYLID& 
HH. Elytra shorter than the abdomen; length of body less 
Ghat shit, ped Od acter ats teste secre elersnese = MICROMALTHIDA 


AA. Hind tarsi either only three-jointed, or four-jointed but apparently only 
three-jointed, the third joint being small and concealed in a notch at the end of 
the second joint. (See also AAA and AAAA.) 

B. Wings fringed with long hairs. A minute aquatic species from S. Cal. 
ayaxel Danby, — (VEBTIAOS ALOT, bo LRN.co moe a naOb Ono bor HYDROPHILIDA 
BB. Wings not fringed with hairs. 
C. Tarsi with second segment dilated. ; 
D. Tarsal claws appendiculate or toothed; first ventral abdominal seg- 


ment with distinct curved coxal lines. p. 511.......... COcCINELLIDA 
DD. Tarsal claws simple; first ventral abdominal segment without 
Gorell Wiaesy, ia), Gitlin oc op cemocmote. onc OC DOUE OG Sar ENDOMYCHID& 


CC. Tarsi with second segment not dilated. A 
D. Elytra entirely covering the abdomen; ventral abdominal segments 


inezhaly GElibile §o5 Sllits ot Goes donmoaneoeomens ioe ot eat LATHRIDIID 4 
DD. Elytra truncate, the first and fifth abdominal segments longer than 

the others. ar } 
E. Maxille with galea distinct; anterior coxze small, rounded. p. 509. 
MoNOTOMIDA 


EE. Galea wanting, anterior coxe subtransverse. p. 508. NITIDULIDA 
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AAA. All tarsifour-jointed. (See also AAAA.) f 
B. The first four abdominal segments grown together on the ventral side. 
C. Tibiz dilated, armed with rows of spines, and fitted for digging. p. 505. 
oF oR MD eere Bie ane. te Se ACerS reve ree eave er otenetD HETEROCERID 


CC. Tibi neither dilated nor fitted for digging. : é 
D. Antennz inserted under a distinct frontal ridge; anterior coxe distant 


fromthe Metasteriiunasy pay LO! merrier neen ei not CoLyDUDA 
DD. Antenne inserted on the front; anterior coxee inclosed behind by the 
Metasternumaynp awl leks eee ya rea el ae eR ee eee cnck or MURMIDIIDZ 

BB. Ventral segments of abdomen not grown together. 
(Chee Anterionkcoxcemtrallsversems) aan 5l Ueremeny setetn tierra MycEtT2&ID& 


CC. Anterior coxe either globose or oval. 
D. Anterior coxe globose. 
EB. elarsi slendértp: 511 ace ee ee eee ENDOMYCHIDA 
EE. Tarsi more or less dilated and spongy beneath. p. 509. EROTYLIDZ 
DD. Anterior coxe oval. 
E. Anterior coxe separated by the horny prosternum. 


F. Body depressed; head free. p. 510-:......-.- MyCETOPHAGIDZ 
FF. Body cylindrical; thorax prolonged over the head. p. 515. 

; RE AER EER Oe SE RAE STUD OEE MSE. BS ee rong Rene CISIDz 

EE. Anterior coxe contiguous; prosternum semimembranous. p. 505. 
aS Maas Unk sai rh Ga iok eae ee EN ac omB eerie tie aunt. SOs Ie GEORYSSIDZ 


AAAA. Hind tarsi with only four segments; the fore tarsi, and almost always the 
middle tarsi also, with five segments. 
B. Anterior coxal cavities closed behind. 
C. Tarsal claws simple. 
D. Abdomen with five ventral segments. 
E. Ventral abdominal segments in part grown together. 
F. Next to the last segment of the tarsi spongy beneath. p. 514. 
eas sot ssthientie LER Coe e me eet aa oa, oye EEN TD Seo OTC Meera LAGRIID 
FF. Penultimate segment of tarsi not spongy. p. 513. TENEBRIONIDZ 
EE. Ventral abdominal segments free. 
Hy Anterior coxal’ cavities contlient) py 4oOSa44-.--7 ee: OTHNIID 
FF. Anterior coxal cavities separated by the prosternum. 
G. Elytra truncate; tip of abdomen exposed. p. 508. RHIZOPHAGID 


GGre Elytranentire: spss 5h 5s aoe ener Meee SPHINDID2 
DD. Abdomen with six ventral segments. p. 498...... EURYSTETHIDE 
CC Larsalkclawsapectinateuip. 5 £2 ana aeter etter ALLECULID 


BB. Anterior coxal cavities open behind. 
C. Head not strongly and suddenly constricted at base. 
D. Middle coxze not very prominent. 
1D, Aealussainees steeenigetel shal eakeKONES,, 10 Wik ono acoucoanccs MoNOMMID 
EE. Antenne free. 
F. Prothorax margined at the sides. 

G. Middle coxal cavities entirely surrounded by thesterna. p. 510. 
ae at Se OAC 85 ME soos oo OF CRYPTOPHAGIDZ 

GG. Epimera of mesothorax reaching the coxe. 
H. Metasternum long; epimera of metathorax visible. p. 514. 


alates. SRslack oaks ome helt eee Bole eee ee MELANDRYID 

HH. Metasternum quadrate; epimera of metathorax covered. 

DuSOOsS whe. she Boe ieee Pe eee eee ee CucujIDz& 

FF. Prothorax not margined at the sides. p.498.......... PyYTHID 
DD. Middle coxe very prominent. p.. 494... .02.50-s5 +00: CEDEMERID 


D. Head prolonged behindand gradually narrowed. p. 494.CEPHALOIDE 
DD. Head suddenly narrowed behind. 
E. Prothorax with the side pieces not separated from the pronotum by a 
suture. 
F. Prothorax at base narrower than the elytra. 
G. Hind coxe not prominent or but slightly so. 
H. Anterior coxe globular, not prominent. p. 509.CucUJIDa& 
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HH. Anterior coxe conical, prominent. 
I. Abdomen composed of five free segments; tarsi with the 
penultimate joint lobed beneath. 
Neck wide; eyes large, finely faceted, and generally 
emareinate, Sept. A9os Aas haere. aan PEDILIDZ 
JJ. Neck narrow, eyes not emarginate. 
K. Eyes large, oval, rather finely faceted. p. 498.PEDILIDE 
KK. Eyes small, rounded, generally coarsely faceted. p.498. 
De is Aes ech A ees Ae air Pak rie cos ANTHICIDA 
II. Abdomen composed of four free segments, the first formed 
of two united, with the suture sometimes indicated; tarsi 
with the antepenultimate joint lobed beneath. p. 499.. 
NAY eee ee, «Coes Se ahah een Phe eee nt EUGLENIDE 
GG. Hind coxe large, prominent. 
H. Tarsal claws simple; head horizontal. p. 498.PYROCHROIDA 
HH. Claws cleft or toothed, front vertical. p. 495.MELoID# 
FF. Prothorax at base as wide as the elytra. p. 494. . RHIPIPHORIDE 
EE. Lateral suture of prothorax distinct; base of prothorax as wide as 


the elytra. 
F. Antenne filiform. 
Gap Elind coxresplate-ukempenAOAimee seer cicies «ele MorDELLIDA: 
GG. Hind coxe not plate-like. p. 514.......... . MELANDRYIDE 
FF. Antenne flabellate in the male, subserrate in the female. p. 494. 


SA 5 SE RICO Le, 8 eet ee My ee See RHIPIPHORIDAS 


TABLE V.—THE FAMILIES OF THE LAMELLICORNIA 


A. Plates composing the club of the antennz flattened and capable of close 
apposition. 
B. Abdomen with six visible ventral segments. p. 515....... SCARABAIDA 
BB. Abdomen with five visible ventral segments. 
C. Epimera of mesothorax attaining the oblique coxe. p. 515.SCARABHIDA 
CC. Epimera of mesothorax not attaining the coxe. p. 522..TROGIDE 
AA. Plates composing the club of the antennez not capable of close apposition, 
and usually not flattened. 
B. Mentum deeply emarginate, ligula filling the emargination. p. 524.. 
SRR PRC RC Ma rent tM aes Po aye ay 410 FAE are o eaten Peeuer espa res PASSALIDA 
BB. Mentum entire, ligula covered by the mentum or at its apex. p. 523. 
She EARS RHOS Cal 9 Oty Oy CaO, ShcA SOR EA Ries cc OM ofS Ce rac aes Oe LUCANID 


TABLE VI.—FAMILIES OF THE PHYTOPHAGA 


This series includes three families, which are so connected by intermediate 
forms that it is not easy toseparate them. The following table will aid the student 
in separating the more typical forms. 

A. Body elongate; antennz almost always long, often as long as the body or 

joncen er Mhevlagveccare DOLersnapei524 eat ae. sires aril iore CERAMBYCIDAE 
AA. Body short and more or less oval; antenne short. 

B. Front prolonged into a broad quadrate beak; elytra rather short so that 

the tip of the abdomen is always exposed. The larve live in seeds. p. 535 

sca igs Pan car y RPMI RTL 48 6 Gutters Oc ties Ait Te AR ie MYLABRID&. 

BB. Front not prolonged into a beak; usually the tip of the abdomen is 

covered by the elytra. Both larvee and adults feed on the leaves of plants. 

(Oli REG vtieio Solos calnidio Siientiot cla Suocmmonad ooo ed G0 en CHRYSOMELIDA® 


TABLE VII.—THE FAMILIES OF THE RHYNCHOPHORA 
(Compiled from Blatchley and Leng) 


A. Beak rarely absent, usually longer than broad; tibize never with a series of 
teeth externally. 
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B. Antenne straight without a distinct club, though with the outer joints often 
more or less thickened; beak present at least in the female and pointing 
directly forward; form usually very slender and elongate. p. 536..BRENTIDAZ 

BB. Antenne straight or elbowed, always with a distinct club. 

C. Palpi flexible; antennal club rarely compact; beak always short and 
broad; labrum present; thorax with a transverse raised line which is 
eitherpante-basalonabasal.= p53 0mm etter eee erretrs PLATYSTOMID 

CC. Palpirigid and labrum wanting except in the subfamily Rhinomacerine 
antennal club usually compact; beak variable in length, often long and 
curveds downwardsan pami537eee eee ee ee eer CURCULIONIDA* 

AA. Beak absent or extremely short and broad; tibize with a series of teeth ex- 
ternally, or, if these are wanting, with a prominent curved spine at apex; an- 
tennze short, but little longer than the head, always elbowed, and with a com- 
pact club except in Phthorophelus where the club is lamellate; palpi rigid; 
body short, subcylindrical or rarely oval. 

Anterior tarsi with the first segment longer than the second, third and 


fourth together ep. 54 l—— san eet aael a a tee on ete hetet tee PLATYPODID 
BB. Anterior tarsi with the first segment shorter than the second, third, and 
fourth together wip. 542 sarc. reac nu cia ete ete erie SCOLYTID 


SUBORDER ADEPHAGAT 


The name of this suborder, Adephaga, was suggested by the pre- 
dacious habits of its members. These beetles are distinguished from 
other Coleoptera by the presence of a suture on each side of the pro- 
thorax separating the pleurum from thenotum, and by the fact that 
the ventral part of the first segment 
of the abdomen is divided by the 
hind coxal cavities so that the sides 
are separated from the very small 
medial part (Fig. 553). 

The Adephaga differ from other 
Coleoptera in that the nutritive cells 
of the ovaries alternate with the egg- 
chambers. 

at larve are campodeiform, 
PN giv vn an iffer from all other beetle 
g,Si8— Vented aspect of part of Jarvee in that their legs are six- 
janus: 1st A, first abdominal seg- jointed except in a single exotic 
ment; 2d A, second abdominalseg- Species; this is one more segment 
ment. than is found in the legs of other 
beetle larvee. The legs are usually 
furnished with two claws, whereas the legs of other coleopterous 
larvee are one-clawed. 

This suborder is represented in North America by seven families: 

these can be separated by Table II, page 469. < 


Famity CICINDELIDZ 
The Tiger-Beetles 


The graceful forms and beautiful colors of the greater number 
of the tiger-beetles, those of the genus Cicindela, have made the 
*Since this table was published by Blatchley and Leng, the family Belidz has 


been separated from the Curculionids. See 
; page 537. 
tAdéphaga: adephagous (4dnpdyos), Soraciods ss 
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family one of the favorites of students of 
Coleoptera. Their popular name is sug- 
gestive of their predacious habits, and of 
the stripes with which many are marked. 
They are usually a metallic green or 
bronze, banded or spotted with yellow. 
Some are black; and some that live on 
white sand are grayish white, being ex- 
actly like the sand in color. Figure 554 
represents a common species of Cicindela. 
_ A useful character for distinguishing the members of this family 
is the fact that the terminal hook of the maxilla (the digitus) is 
united to this organ by a movable joint (Fig. 555, h). 

The sexes of the tiger-beetles can be distinguished, except in 
Amblycheila, by the sixth abdominal segment of the males being 
notched so as to expose a small seventh segment; while in the 
females only six segments are visible. In the males, the first three 
segments of the anterior tarsi are usually dilated and densely clothed 
with hair beneath. 

The tiger-beetle larve (Fig. 556) are as ugly and ungraceful as 
the adults are beautiful. The two have only one habit in common— 
their eagerness for prey. The larve live in vertical 
burrows in sandy places or in beaten paths. These 
burrows occur also in ploughed fields that have become 
dryandhard. They often extenda foot or more in depth. 
The larva takes a position of watchfulness at the 
mouth of its burrow. Its dirt-colored head is bent at 
right angles to its lighter-colored body and makes a 
neat plug to the opening of the hole. Its rapacious jaws 
extend upward, wide open, ready to seize the first un- 
wary insect that walks over this living trap, or near it; 
for a larva will throw its body forward some distance Fig. 556. 
in order to seize its prey. On the fifth segment of the 
abdomen there is a hump, and on this hump are two hooks curved 
forward. This is an arrangement by which the little rascal can hold 
back and keep from being jerked out of its hole when it gets some 
large insect by the leg, and by which it can drag its struggling prey 
down into its lair, where it may eat it at leisure. It is interesting 
to thrust a straw down into one of these burrows, and then dig it 
out with a trowel. The chances are that you will find the indignant 
inhabitant at the remote end of the burrow, chewing savagely at the 
end of the intruding straw. 

One hundred and fourteen species of tiger-beetles are now listed in 
our fauna; these represent four genera, which can be separated as 
follows: 


Fig. 554. 


A. Posterior coxz contiguous; eyes large, prominent. 
B. Third joint of the maxillary palpi shorter than the fourth...CIcINDELA 
BB. Third joint of the maxillary palpi longer than the fourth... ... TETRACHA 
AA. Posterior coxe separated; eyes small. 


478 AN INTRODUCTION TO ENTOMOLOGY 


B. Sides of the elytra widely inflexed; thorax scarcely margined. AMBLYCHEILA 
BB. Sides of the elytra narrowly inflexed; thorax distinctly margined...OMuS 
Cicindéla.—Tothis genus belong the greater number of our tiger- 
beetles; seventy-six species and many varieties occur in our fauna; 
excepting the two species of Tetracha, all of the tiger-beetles found in 
the East belong to the genus Cicindela. 

The members of this genus, unlike most other members of the 
family, are diurnal in habit. They are found on bright, hot daysin 
dusty roads, in beaten paths, and on the shores of streams. They are 
the most agile of all beetles; and they are not merely swift of foot, 
but are also able to fly well. When approached, they remain still 
until we can see them well but are still out of reach; then like a flash 
they fly up and away, alighting several rods ahead of us. Before 
alighting they usually turn so that they face us, and can thus watch 
our movements. They hide by night and in cloudy or rainy weather 
in holes in the ground or beneath stones or rubbish. The beetles 
have been found hibernating, each in a separate burrow extending 
underastone. I have seen them in September digging burrows in a 
hillside; these descended slightly and were about five inches deep. 
The beetles kicked the dirt out behind them as they dug, so that it 
lay in a heap at the opening of the hole. 

Tétracha.—Two species of this genus are widely 
distributed in the United States. They are rather 
large, metallic-green beetles. Figure 557 represents 
Tétracha carolina, which can be distinguished by the 
apical portion of the elytra being yellow. Our only 
other species is Tétracha virginica. These beetles are 
nocturnal, hiding during the day and hunting by 
night. 

i Amblycheilaa—The best-known representative 
Figs? of this genus is Amblychetla cylindriformis, which is 
ale found in Kansas, Colorado, Arizona, and New 
Mexico. It isa very large species, measuring 35 mm. 
in length. It is nocturnal, hiding in holes during the day and coming 
forth at night to capture its prey. Two other species of this genus 
have been described from Arizona and Utah. 

Omus.—Thirty-three species of this genus have been found on the 
Pacific Coast, nearly all of them in California. They are nocturnal 
insects, hiding under rubbish during the daytime. 


Famity CARABIDA 
The Ground-Beetles 


The ground-beetles are so called because they are very common 
on the surface of the ground, lurking under stones or rubbish, where 
they hide by day. At night they roam about in search of their prey. 
Our more common species are easily recognized by their shining black 
color and long legs. On the Pacific Coast, however, the darkling 
beetles (Family Tenebrionida), which are also black and have long 
‘egs, abound under stones and fragments of wood on the ground. 
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But the two families can be easily distinguished by the fact that in 
the ground-beetles all the tarsi are five-jointed, while in the darkling 
beetles the hind tarsi are only four-jointed; and the darkling 
beetles do not run rapidly as do the ground-beetles. 

With the ground-beetles, the antenne are thread-like, tapering 
gradually towards the tip, and each segment is of nearly uniform 
thickness throughout its length; the legs are fitted for running, and 
the antennz are inserted between the base of the mandibles and the 
eyes. Although most of the species are black, there are those that 
are blue, green, or brown, and a few that are spotted. The wing- 
covers are almost always ornamented with longitudinal ridges and 
rows of punctures. 

Most members of this family are predacious, feeding upon other 
insects, which they spring upon or capture by chase. A few species 
use vegetable food; but their depredations are rarely of economic 
importance. As there are more than two thousand described North 
American species, and as many of the species are very common, this 
family may be considered the most important family of the pre- 
dacious insects. 

The larve of ground-beetles are generally long, with the body of 
nearly equal breadth throughout (Fig. 558). 
They have sharp projecting mandibles; and 
the caudal end of the body is usually furnished 
with a pair of conical bristly appendages. They 
live in the same obscure situations as the adult 
insects, but are more shy, and are consequently less frequently seen. 
Like the adults, they are predacious. 

Among the more common ground-beetles are the following. 

The searcher, Caloséma scrutator.—This is one of the larger and 
more beautiful of our ground-beetles; it has 
green or violet wing-covers margined with 
reddish, and the rest of the body is marked 
with violet-blue, gold, green, and copper 
(Fig. 559). This beetle and the two follow- 
ing have been known to climb trees in search 
of caterpillars. 

Calosoma sycophanta, a common species 
in Europe, has been introduced and success- 
fully colonized in New England, as a means 
‘of combating the gipsy-moth and _ the 
brown-tail moth. This species is somewhat 
smaller than the preceding, and lacks the 
reddish band on the margins of the elytra. 

The fiery hunter, Caloséma caélidum, is 
easily recognized by the rows of reddish or 

Fig. 559. CRD pits on the wing-covers (Fig. 
560). 

The bombardier-beetles, Brachinus—There are many species of 

beetles that have at the hind end of the body little sacs in which 


Fig. 558. 
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is secreted a bad-smelling fluid, which is used 
asameans of defence. These beetles spurt this 
fluid out onto their enemies when attacked. 
But in the case of the bombardier-beetles this 
fluid changes to a gas, which looks like smoke 
as soon as it comes in contact with the air, and 
is ejected with a sound like that of a tiny pop- 
gun. When some larger insect tries to capture 
one of these insect-soldiers, and gets very 
near it, the latter fires its little gun into the face 
Fig. 560. of itsenemy. The noise astonishes the pursuer, 
and the smoke blinds him. By the time he 
has recovered from his amazement, the little bombardier is at a safe 
distance. These beetles have quite a store of ammunition; for we 
have often had one pop at us four or five times in succession, while we 
were taking it prisoner. The bombardier-beetles belong to the genus 
Brachinus, of which we have in this country twenty-seven species. 
They are very similar in appearance; the head, prothorax, and legs 
are reddish yellow, and the wing-covers are dark blue, biackish, or 
greenish blue (Fig. 561). 
There is a common beetle which resembles the bom- 
bardier-beetles quite closely in size and color, but which 
may be distinguished by the comb-like form of the tarsal 
claws; this is Lebia grandis (Fig. 562). It has been 
reported more often than any other insect as destroying 
the Colorado potato-beetle. 
Galerita janus is still another species that bears some Fig. 561. 
resemblance to the bombardier-beetles. But it is much 
larger, measuring 16 mm. in length, and has only the prothorax and 
legs reddish yellow, the head being black; the prothorax is only about 
half as wide as the wing-covers. 
What is perhaps the most com- 
mon type of ground-beetle is illus- 
trated by Hdrpalus caliginosus, 
which is represented natural size 
in Figure 563. It is of a pitchy 
black color, and is one of the most 
common of our larger species. There 
are one hundred and thirty-six de- 
scribed species of Harpalus in this 
country. Most of them are smaller 
than this one, are flattened, and have 
the prothorax nearly square. 
The beetles of the genus Dicelus 
are quite common; and some of the 
larger species resemble Harpalus 


Fig. 562.—Lebia 
randts, natu- Me: : 
ot sizeand caltpinosus quite closely. «They can 


enlarged. be distinguished by a prominent keel- 
shaped ridge which extends back upon each wing- 
cover from near the corner of the prothorax. 
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The most common ofall ground-beetles, in the Northeastern States 
at least, is Pecilus lucublandus. In this species (Fig. 364) the nar- 
row, flat margin oneach side of the prothorax is widened near the 
hind angle of this segment. 

The family AMPHIZOIDZ is represented in our fauna by two 
species of Amphizéa, which occur in California, Vancouver, and 
Alaska, clinging to logs or stones under the surface of streams. In 
these beetles the metasternum is truncate behind, not reaching the 
abdomen, and has a very short antecoxal piece. 

The family OMOPHRONID consists of a single genus, 
Omophron, the members of which areremarkable for their round form 
and the fact that the scutellum is entirely concealed. They measure 
about 6 mm. in length, and are found in holes in wet sand near the 
margins of streams and ponds. They are found from the Atlantic to 
the Pacific; fourteen species have been described. 


Famity HALIPLIDA 


The Crawling Water-Beetles 

This family includes a few species of small aquatic beetles, which 
are oval, more or less pointed at each end, and very convex; our 
larger species measure from 3.5mm. to 5 mm. in length, but some 
are much smaller. The wing-covers have rows of punctures, and the 
hind coxe are greatly expanded so as to conceal the basal half of the 
hind femora and from three to six of the abdominal segments. The 
anterior and middle tibize and the tarsi of all of the legs are fur- 
nished with long, swimming hairs. 

These beetles are found in ponds and streams, but most frequently 
in spring-fed pools that do not dry up during the summer, and 
contain filamentous alge and other aquatic plants. They swim 
poorly but crawl over the stems of aquatic plants. Little is known 
regarding the feeding habits of the adults. Matheson (’12) found that 
several species feed on the contents of the cells of Nztellaand the softer 
portions of Chara and other filamentous alge. He observed also that 
two species of Peltodytes attach their eggs to aquatic 
plants, mainly Nztella and Chara, while Haliplus 
ruficollis places its eggs within the dead cells of Nitella. 

The larve are aquatic, living in the same pools as 
the adults. The body is slender; each segment except 
the head is furnished on the back with fleshy lobes 
with spiny tips (Fig. 565), which vary greatly in size 
in different species; in the larve of Peltodytes each of 
these spines bears a long, jointed filament, which is a 
tracheal gill. The larve of this genus have no spiracles; 
but the larve of Haliplus possess both thoracic and _ Fig. 565. 
abdominal spiracles. The larve of the Haliplide feed on filamentous 
algee; when mature, they leave the water and each makes a cell in 
the damp earth in which the pupa state is passed. ; 

About forty species of the Haliplide have been found in our 
fauna; these represent three genera. In Brychius, which is represented 
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by two species in California, the prothorax is quadrate; in the other 
genera it is narrowed in front. In Haliplus the last segment of the 
palpi is small. and awl-shaped; in Peltédytes it is longer than the 
third segment, and conical. The last two genera are widely distribu- 
ted. 


Famity DYTISCID/ 
The Predacious Diving-Beetles 


If one will approach quietly a pool of standing water, there may 
be seen oval, flattened beetles hanging head downward, with the tip 
of the abdomen at the surface of the water. Such beetles belong to 
this family. 

The predacious diving-beetles are usually brownish black and 
shining, but are often marked indefinitely with dull yellow They 
can be distinguished from the water scavenger-beetles, which they 
resemble in general appearance, by the thread-like form of the antenne. 
The hind legs are the longest and are fitted for swimming, being 
flattened and fringed with hair. The middle and the hind pair of 
legs are widely separated. This is due to the very large hind coxe 
which cover the greater part of the lower surface of the thorax. 
In the males of certain genera thefirst 
three segments of the fore tarsi are di- 
lated and form a circular disk, upon 
the under side of which are little cup- 
like suckers (Fig. 566); these serveas 
clasping organs. In a few cases the 
middle tarsi are dilated also. The fe- 
males of some species exhibit an inter- 

Fig. 566. Fig. 567. esting dimorphism in that some 

of the individuals have the elytra fur- 

nished with a number of deep furrows (Fig 567), while others of the 
same species have them smooth. 

The diving-beetles abound in our streams and ponds, but they 
are more often found in standing water than in streams. When at 
rest they float in an inclined position, head downward, with the tip 
of the hind end of the body projecting from the water. The spiracles 
open on the dorsal side of the abdomen beneath the elytra. By 
lifting the elytra slightly a reservoir is formed for air, which the 
beetle can breathe as it swims through the water. When the air 
becomes impure the beetle rises to the surface, forces it out, and 
takes a fresh supply. 

These beetles are very voracious. They destroy not only other 
insects, but some of them will attack larger animals, as small fish. 
When kept in aquaria they can be fed upon any kind of meat, raw 
or cooked. They fly from pond to pond, and are often attracted to 
light at night. Many of the species make sounds, both under the 
water and in the air. In some cases this is done by rubbing the 
abdominal segments upon the elytra; in others, by rubbing the hind 
legs upon a rough spot on the lower side of the abdomen. 
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The females deposit their eggs si i es j i 
So ES ae ggs singly in punctures in the tissues 
larve are known as 
water-tigers, because 
of their biood-thirsti- 
ness. They are elon- 
gated, spindle-form Fig. 568. 
grubs (Fig. 568). The 
head is large, oval or rounded, and flattened; the mandibles are large 
and sickle-shaped; in each there is a slit-like opening near the tip; 
from this opening a canal leads along the inner surface to a basal 
opening on the upper surface, which communicates with the corner 
of the mouth when the mandible is closed. The central part of the 
mouth, between the mandibles, is closed, the wpper and lower lips 
being locked together by a dovetail joint. The mandibles are ad- 
mirably fitted for holding prey and at the same time sucking juices 
from its body. The thorax is furnished with six well-developed legs. 
The abdomen is terminated by a pair of processes; at the tip of the 
abdomen there is a pair of large spiracles, which the larva protrudes 
into the air at intervals, in order to breathe. 


When a larva is fully grown it leaves the water, burrows into the 
ground, and makes a round cell, within which it undergoes its trans- 
formations. The pupa state lasts about three weeks in summer; 
but the larve that transform in autumn remain in the pupa state 
all winter. 


This is the largest of the families of water-beetles; more than 
three hundred North American species are known. 


The best way to obtain specimens is to sweep the vegetation grow- 
ing on the bottom of a quiet pool with a dip-net. 

The larger of our common species belong to Cybister, Dytiscus, 
and allied genera. In Cybrster the little cups on 
the under side of the tarsal disks of the male are 
similar, and arranged in four rows. In Dytiscus 
and its allies the cups of the tarsal disks vary in 
size. Figure 569 represents a common species of 
Dytiscus. 

The most common of the diving-beetles which 
are of medium size belong to the genus Acilius. In 
this genus the elytra are densely punctured with 
. very fine punctures, and the females usually have 

Fig. 569. four furrows in each wing-cover (Fig. 567). 

There are also common diving-beetles which are 
of about the same size as the preceding, but which have the wing- 
covers marked with numerous very fine transverse striz; these be- 
long to the genus Colymbétes. 


Of the smaller diving-beetles, measuring less than 6 mm. in length, 
many species can be found in almost any pond. ‘These represent 
many genera. 
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Famity GYRINID/# 
The Whirligig-Beetles 


As familiar to the country rover as the gurgling of the brook or 
the flecks of foam on its ‘‘golden-braided centre,” or the trailing ferns 
and the rustling rushes on its banks, are these whirligigs on its 
pools. Around and around each other they dart, tracing graceful 
curves on the water, which vanish almost as soon as made. They 
are social fellows, and are almost always found in large numbers, 
either swimming or resting motionless near together. They rarely 
dive, except when pursued; but are so agile that it is extremely 
difficult to catch them without a net. Many of them when caught 
exhale a milky fluid having a very disagreeable odor. They feed 
upon small flies, beetles, and other insects that fall into the water, 
and are furnished with well-developed wings, with which they fly 
from one body of water to another. 

This is one of the most easily-recognized families of the whole 
order Coleoptera. The members of it are oval or elliptical in form 
(Fig. 570), more or less flattened, and usually of a very 
brilliant bluish black color above, with a bronze metallic 
lustre. The fore legs are very long and rather slender; the 
middle and hind legs are short, broad, and very much 
flattened. These insects are remarkable for having the eyes 
; completely divided by the margin of the head, so that they 
F mes * appear to have four eyes—a pair upon the upper surface of 

* the head with which to look into the air, and a pair upon 
the under side for looking into the water. The antennz are very short 
and peculiarin form. The third segment is enlarged, so as to resemble 
an ear-like appendage, and the following ones form a short spindle- 
shaped mass. They are inserted in little cavities in front of the eyes. 

The eggs of these insects are small, of cylindrical 
form, and are placed end to end in parallel rows upon 
the leaves of aquatic plants. The larve (Fig. 571) 
are long, narrow, and much flattened. Each abdominal 
segment is furnished with a pair of tracheal gills, and 
there is an additional pair at the caudal end of the 
body. The elongated form of the body and the con- 
spicuous tracheal gills cause these larve to resemble 
small centipedes. When a larva is full-grown it leaves 
the water and spins a gray, paper-like cocoon attached 
to some object near the water. The pupa state of those 
species in which it has been observed lasts about a 
month. Fig. 571. 

The family isa small one. At present only forty-one 
North American species are known. These represent three genera. 
The genus Gyretes is distinguished by having the last ventral segment 
of the abdomen elongated and conical. It is represented by two 
species. In the other two genera the last ventral segment is flattened 
and rounded at the tip. In Dinedtus the scutellum is invisible; there 
are thirteen species of this genus. In Gyrinus the scutellum is visible; 
of this genus we have twenty-six species. 


N 
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SUBORDER POLYPHAGA* 


In the suborder Polyphaga the ventral part of the first segment 
of the abdomen is visible for its entire breadth (Fig. 574); the first 
three ventral segments are im- 
movably united (except in the 
Cupeside), and the notum of the 
prothorax is not separated from the 
pleura by distinct sutures. 

So far as known, the nutritive 
cells of the ovaries are massed to- 
gether in the terminal chamber of 
each ovarian tube in all members of 
this suborder. 

; The larvee vary greatly in form; 
HOG Sait aspect of partof some are campodeiform, some are 
tested ak pe ie ete scarabeiform, and others are vermi- 
ial. comment. form; in none are the legs more than 
five-jointed, and in none are the legs 

two-clawed. 

This suborder includes all but the seven preceding families of the 
Coleoptera; the families included in it are grouped into seven series; 
see synopsis, page, 467. 

Famity HYDROPHILIDA 


The Water-Scavenger Beetles 


The water-scavenger beetles are common in quiet pools, where 
they may be found swimming through the water, or crawling among 
the plants growing on the bottom. They can be easily taken by 
sweeping such plants with a dip-net. 

They are elongated, elliptical, black beetles, resembling the pre- 
dacious diving beetles in appearance; but they are usually more 
convex, and differ also in having club-shaped antennz and very long 
palpi. As the antennz are usually concealed beneath the head, it 
often happens that the inexperienced student mistakes the long palpi 
for antenne. 

These beetles are supposed to live chiefly upon the decaying vege- 
tation in the water; but a number of species have 
been known to catch and eat living insects. They 
breathe, by carrying a film of air on the lower surface 
of the body. This film gives them a silvery appear- 
ance when seen from below. They obtain the air by 
bringing the head to the surface of the water and pro- 
jecting the antenne, which they again fold back with 
a bubble of air when they descend. The female makes 
a case for her eggs out of a hardened silk-like secre- 
tion. Some species deposit as many as a hundred eggs 
in one of these water-proof packages (Fig. 572). The Fig. 572. 
egg-cases in some instances are fastened beneath the 


z *Polyphaga: polyphagus, eating many kinds of food. 
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leaves of aquatic plants; in others they are provided with floats 
and let loose in the water; and in still other species the cases are 
carried by the mother underneath her body and steadied with her 
hind legs. Frequently some of the young larve 
devour their companions; in this way the size 
of the family is decreased before it escapes 

7 from the egg-case. Later they live upon insects 
Aan \ that fall into the water, and upon snails. These 

f \ larvee resemble somewhat those of the Dytis- 
: cide; but the body is much more plump, 
and the mandibles are of moderate size. 

The family Hydrophilide is represented in 
North America by one hundred and ninety 
species. The largest of our common species is 
Hydrous triangularis (Fig. 573). In the genus 
Hydrous the metasternum is prolonged back- 
ward into a spine between the hind legs, and 
the sternum of the prothorax bears a deep 
furrow. 

The beetles of the genus Tropistérnus agree 
with Hydrous in the form of the prosternum and metasternum, but 
differ in size, our species measuring less than 12 mm. in length. The 
most common species in the East is Tropisternus glabra, and on the 
Pacific Coast T. californicus. 

Next in size to Hydrous are several species of Hydréphilus. In 
this genus the metasternum is prolonged somewhat, but does not 
form a long, sharp spine as in Hydrous and Tropisternus, and the 
sternum of the prothorax bears a keel-shaped projection. Our most 
common species is Hydrophilus obtusatus; this measures about 15 mm. 
in length. 

Some of the smaller species of this family are not aquatic, but 
live in moist earth and in the dung of cattle, where, it is said, they 
feed on dipterous larve. 


Famity PLATYPSYLLIDA 


The Beaver-Parasite 


Only a single representative of this family is known; this is 
Platypsylla castoris, which lives parasitically on the beaver. This 
beetle is about 2.5 mm. in length; the body is ovate, elongate, and 
much flattened; the wing-covers are short, about as long as the 
prothorax, and leave five abdominal segments exposed; the eyes and 
wings are wanting. 

Specimens of this remarkable insect are most easily obtained by 
beating over a sheet of paper the dried skins of beavers, which can 
be found in fur-stores. 

The family BRATHINIDZ is composed of the genus Brathinus, 
of which three species are described, two from the East and one from 
California. These beetles are somewhat elongate, with the outline 
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of the prothorax and of the elytra elliptical; they measure from 
3.6mm. to 5 mm. in length. The Californian species was found living 
in wet moss, darkly overshadowed by bushes, at the margin of a 
mountain stream. 

Famity LEPTINID® 

The Mammal-Nest Beetles 


This family is represented by only three species in North America. 
One of these, Leptinus testaceus, is a European species, but is widely 
distributed in this country. It lives in the nests of mice and other 
small rodents and insectivora, and also in the nests of bumble-bees. 
Whetheritis a parasite or merely a guest has not been definitely de- 
termined; but it seems probable that it feeds upon the eggs and young of 
mites and other small creatures found in these nests. This beetle is 
oblong-oval and much depressed in form, and pale yellow in color; 
it measures from 2 mm. to 2.5 mm. in length. Specimens can be 
obtained by shaking a nest of a mouse over a sheet of paper. 

The other two species are Leptinillus vdlidus, found in Hudson 
Bay territory, and Leptinillus aplodéntie, found in California on a 
rodent (A plodontia). 

Famity SILPHID/ 


The Carrion-Beetles 


The carrion-beetles are mostly of medium or large size, many 
species attaining the length of 35 mm. while the smaller species of the 
more typical genera are nearly 12 mm. in 
length; some members of the family, how- 
ever, are minute. The segments near the tip 
of the antenne are usually enlarged so as to 
form a compact club, which is neither comb- 
like nor composed of thin movable plates; 
sometimes the antenne are nearly filiform. 

These insects usually feed upon decaying 
animal matter; some, however, feed upcn 
fungi; some on vegetables; anda few species 
have been known to be predacious when 
pressed by hunger, destroying living snails 
and insects, even members of their own spe- 
cies; whilea few occur only in the nests of ants. 

It is easy to obtain specimens of these in- 
sects by placing pieces of meat or small dead Fig. 575. 
animals in the fields and examining them 
daily. There are several other families of beetles the members of 
which can be attracted in this way. 

The larve also live upon decaying flesh and are found in the same 
situations as the adults. 

We have in this country more than one hundred species of this 
family. Our larger and more familiar species represent two genera, 
Necréphorus and Silpha. 

The burying-beetles, Necréphorus.—To this genus belong the 
larger members of the family The body is very stout, almost cylin- 
drical (Fig. 575). Our common species have a reddish spot on each 


488 AN INTRODUCTION TO ENTOMOLOGY 


end of each wing-cover; these spots are often so large that they 
appear as two transverse bands. In some species the prothorax and 
the head are also marked with red. , 

These insects are called burying-beetles because they bury carrion. 
When a pair of these beetles discover a dead bird, mouse, or other 
small animal, they dig beneath it, removing the earth so as to allow 
the carrion to settle into the ground. This they will continue until 
the object is below the surface of the ground. Then they cover it 
with earth, and finally the female digs down to it and lays her eggs 
upon it. The larve that hatch from these eggs feed upon the food 
thus provided for them. There are many accounts of exhibitions of 
remarkable strength and sagacity by burying-beetles. A pair of 
these insects have been known to roll a large dead rat several feet in 
order to get it upon a suitable spot for burying. 

The members of the genus Silpha are very much 
flattened (Fig. 576). The prothorax is round in outline, 
with very thin edges which overlap the wing-covers 
somewhat. The body is not nearly as stout as that of 
a burying beetle, being fitted for creeping under 
dead animals instead of for performing deeds requiring 
! great strength. Szlpha brtuberodsa, which is known as 

Fig. 576. the spinach carrion-beetle, feeds on spinach, beets, and 
other plants, in the West. 
©" “In some.of:the minute members of this family the body is nearly 
hemispherical. 

The family CLAMBID4 consists of very minute species, measur- 
ing about 1 mm. in length. They live in decomposing vegetable 
matter. The edge of the hind wings is fringed with long hairs. For 
other characters, see table, page 470. Only six species, representing 
three genera, occur in our fauna. 

The family SCY DMAENID includes very small insects found 
under bark or stones, in ants’ nests, or near water. They are small, 
shining, usually ovate but sometimes slender insects, of a brown color, 
and more or less clothed with erect hairs. Other characters are given 
in the preceding table of families. About one hundred seventy-five 
North American species are known. 

The family COR YLOPHIDZ includes minute beetles found under 
damp bark and in decaying fungi and other vegetable matter. The 
body is oval or rounded, and in many species is clothed witha grayish 
pubescence. The wings are wide, and fringed with long hairs. Some 
of our common species measure less than 1 mm. in length. Fifty- 
seven North American species have been described. 


Famity STAPHYLINIDA& 
The Rove-Beeiles 


The rove-beetles are very common about decaying animal matter, 
and are often found upon the ground, under stones or other objects. 
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They are mostly very small insects; a few species, however, are of 
larger size, measuring r2 mm. or more in length. Their appearance 
is very characteristic, the body being long and slender, 
and the wing-covers very short (Fig. 577). The wings, 
however, are fully developed, often exceeding the ab- 
domen in length; when not in use the wings are folded 
beneath the short wing-covers. The abdominal seg- 
ments are freely movable. 

It is interesting to watch one of these insects fold 
its wings; frequently they find it necessary to make 
use of the tip of the abdomen or of one of the legs in ' 
order to get the wings folded beneath the wing-covers. Fig.1577. 

The rove-beetles can run quite swiftly; and they 
have the curious habit, when disturbed, of raising the tip of the 
abdomen in a threatening manner, as if they could sting. As some 
of the larger species resemble wasps somewhat in the form of the body, 
these threatening motions are often as effective as if the creatures 
really had a sting. William Beebe states (Atlantic Monthly, October 
1919) that when some rove-beetles were attacked by ants they raised 
their tails and ejected a drop or two of a repellent fluid which drove 
the ants away. This observation indicates the probable explanation 
of the actions of these beetles when disturbed. 

As these insects feed upon decaying animal and vegetable matter, 
they should be classed as beneficial. The larvee resemble the adults 
in the form of the body and are found in similar situations, about 
decaying animal and vegetable matter, beneath bark and in fungi. 
Some species are guests in the nests of ants, and others in the nests 
of termites. 

Nearly three thousand North American species of rove-beetles 
have been described. The great majority are small and exceedingly 
difficult to determine. Among the large species that are common are 
the following. 

Creéphilus maxillosus.—This species varies from 12 mm. to nearly 
25mm. inlength. It is of a shining black color, spotted with patches 
of fine gray hairs. There is a conspicuous band of these across the 
middle of the wing-covers, and another on the second and third 
abominal segments; this abdominal band is best marked on the lower 
side of the body. 

Staphylinus maculdsus is a larger species, which often measures 
fully 25 mm. in length. It is densely punctured, and of a dull brown 
color, with the scutellum black, and a row of obscure, square, blackish 
spots along the middle of the abdomen. 

Staphylinus vulpinus resembles the preceding somewhat, but it 
has a pair of bright yellow spots at the base of each abdominal segment. 

Ontholéstes cingulatus is of about the same size as the preceding. 
It is brown, speckled with brownish black spots, and the tip of its 
abdomen is clothed with golden hairs. 

The family PSELAPHIDZ includes certain very small beetles, 
the larger ones not exceeding 3 mm. in length. They resemble rove- 
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beetles in the shortness of the wing-covers and in having the dorsat 
part of the abdominal segments entirely horny; but they differ 
from them in that the abdomen is not flexible, and in having fewer 
abdominal segments, there being only five or six on the ventral side. 
The species are chestnut-brown, dull yellow, or piceous, and are 
usually slightly pubescent. The antennz are usually eleven-jointed, 
rarely ten-jointed. The elytra and abdomen are convex and usually 
wider than the head and prothorax. These beetles are usually found 
under stones and bark, or flying in the twilight; a few species have 
been found in the nests of ants. There are three hundred and fifty- 
five described North American species. 


The family CLAVIGERIDZ, or the ant-loving beetles, includes 
a small number of beetles that resemble the Pselaphide in the char- 
acters given above except that the antenne are only two-jointed. 
These beetles live in the nests of ants. They excrete from small 
tufts of hairs, on the three basal abdominal segments, a fluid of 
which the ants are very fond. The ants caress the tufts of hairs with 
their antenne, causing the exudation of the fluid, which they greedily 
swallow. The ants are said to feed the beetles and to allow them to 
ride about on their backs, when the beetles wish to do so. Only 
seven North American species are described. 


The family TRICHOPTERYGID, or the feather-wing beetles, 
includes the smallest beetles that are known; most of our species are 
less than 1 mm. in length. The most striking feature of the typical 
forms is the shape of the wings, which are long, narrow, and fringed 
with long hairs, being feather-like in appearance; but in some species 
the wings are wanting. Some species live in rotten wood, muck, 
manure, and other decaying organic matter; few have been found in 
ants’ nests. There are about eighty described species in our fauna. 

The family SCAPHIDIID, or shining fungus-beetles, includes 
small, oval, very shining beetles, found in fungi, rotten wood, dead 
leaves, and beneath the bark of logs. The elytra are broadly truncate 
behind, not covering the tip of the conical abdomen. But little is 
known regarding their life-history. There are fifty described North 
American species. 

The family SPHASRITID is represented in our fauna by a 
single species, Spherites glabratus, which has been found in Alaska and 
California. This beetle is very similar in appearance to those of the 
genus Hister. For distinguishing characters, see table, page 470. 


The family SPHASRIIDZ: includes a single genus, Spherius, 
which is represented in North America by only three known species. 
They are very minute beetles, measuring about .5 mm. in length; 


they are very convex, and may be found walking on mud or under 
stones near water. 


The family HISTERIDA includes certain easily recognized 
beetles which are found about carrion and other decomposing sub- 
stances. They are mostly small, short, rounded or somewhat square- 
shaped beetles, of a shining black color, with the wing covers marked 
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by lines of fine punctures and truncate behind, leaving two segments 

of the abdomen exposed (Fig. 578). In some species the wing-covers 

are marked with red. There arenearly four 

hundred described North American species. 

The family LYCID includes certain 

beetles that were formerly classed in the 

fire-fly family; but they differ from the 

Fig. 578. Lampyride in having the middle cox 

distant, and in that the elytra lack epi- 

pleure. The elytra are usually furnished with several 
longitudinal ribs and a network of fine elevated lines. Fig. 579. 

The members of this family are diurnal in habits; they 
are found on the leaves of plants, where they seek and feed upon 
other insects. A common species is Calopteron reticulatum (Fig. 579). 


Famity LAMPYRIDA 
The Firefly Family 


During some warm, moist evening early in our northern June we 
are startled to see here and there a tiny meteor shoot out of the 
darkness near at hand, and we suddenly realize that summer is close 
upon us, heralded by her mysterious messengers, the fireflies. A 
week or two later these little torch-bearers appear in full force, and 
the gloom that overhangs marshes and wet meadows, the dusk that 
shrouds the banks of streams and ponds, the darkness that haunts 
the borders of forests, are illumined with myriads of flashesas these 
silent, winged hosts move hither and thither under the cover of the 
night. 

The fireflies are soft-bodied beetles of medium or small size, with 
slender, usually eleven-jointed, saw-like antennz. The prothorax is 
expanded into a thin projecting margin, which in most cases com- 
pletely covers the head (Fig. 580). The wing-covers are rather soft, 
and never strongly embrace the sides of the abdomen, as 
with most other beetles. 

The fireflies are nocturnal insects and are sluggish by 
day. The property of emitting light is possessed by adults 
of both sexes and by larve. The latter and the wingless 
females of certain species are known as glow-worms. ‘The 
light-organs of the winged adults are situated on the lower 
sideofone or more of the abdominal segments; but they 
are lacking in some genera. 

There have been many speculations as to the usefulness of the 
light-producing power of various organisms to the organisms them- 
selves; and as regards many of these photogenic creatures no definite 
conclusions have been reached. But there is considerable evidence to 
show that in the case of adult lampyrids it serves to enable these 
insects to find their mates. It has been found that females enclosed 
in a perforated opaque box do not attract males, while those enclosed 
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in a glass vial do; thus showing that it is the light emitted by the 
female, and not its odor, that attracts themale. It has also been shown 
that in some cases at least there are specific differences in the method 
of flashing which enables the insects to distinguish at a distance their 
proper mates. F 
More than fifty species of the Lampyride have been found in 
this country. 
The family PHENGODID/ includes a small number of species 
that were formerly included in the firefly family. In this family 
the prothorax, though rounded in front, does not cover the head, which 
is exposed. The antennz are usually plumose or flabellate in the 
males. The females of some species, at least, are glow-worms, re- 
sembling the larve in form, and are photogenic. Only twenty-three 
American species have been described; most of these are found in 
California, Texas, and Arizona, but some occur in the East. 


Famity CANTHARIDAt 
The Soldier-Beetles and others 


The family Cantharide includes those genera that were formerly 
included in the family Lampyridz as the subfamily Telephorine. 
For the distinctive characters separating this from the allied families, 
see the table, page 473. 

The application of the name Cantharidez to this family is the 
result of one of those unfortunate changes in generic names rendered 
necessary by our code of nomenclature. In this case the change is 
especially unfortunate, as the generic name Cantharis has been com- 
monly applied to certain blister-beetles and is used in that sense in 
many medical works and in most text-books of entomology. The 
change is sure to result in much confusion. 

The most common members of this family are the soldier-beetles, 
Chaulidgnathus. These are very abundant in late summer and autumn 
on various flowers, but especially on 
those of goldenrod. The most com- 
mon species in the East are the Penn- 
sylvania soldier-beetle, Chauliégnathus 
pennsylvanicus, which is yellow, with a 
black spot in the middle of the pro- 
thorax and one near the tip of each 
wing-cover (Fig. 581); and the mar- 
gined soldier-beetle, C. marginatus. 
This species (Fig. 582) can be dis- 
tinguished from the former by the head and lower parts of the femora 
being orange. The beetles of this genus are remarkable for having 
an extensible, fleshy filament attached to each maxilla. These fila- 
ments are probably used in collecting pollen and nectar from flowers. 

This family is represented in our fauna by nine genera which in- 
clude more than one hundred and fifty species. 


Fig. 582. 


Fig. 581. 
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The family MELYRIDZ is composed chiefly of small or very 
small beetles, some of: which are found on flowers, and others on the 
ground in low, moist places. They are said to be carnivorous. . They 
vary greatly in form, but bear a general resemblance in structure to 
the preceding four families, from which they can be distinguished 
by the presence of only six ventral abdominal segments. Some 
members of the family are furnished with soft, orange- 
colored vesicles, which they protrude from the sides of 
the body and which are supposed to be scent organs for ® 
defence. One of our most common representatives is 
Collops quadrimaculatus, which is yellow-orange, with Fig. 583. 
the top of the head and four spots on the elytra bluish 
black (Fig. 583). This species is found on grasses in damp localities. 
The family is represented in our fauna by more than three hundred 
species. 

The family CLERIDA, or the checkered beetles, includes a con- 
siderable number of predacious species which are found on flowers 
and on the trunks of trees. Many of them are beautifully marked 
with strongly contrasting colors; this has suggested the common 
name checkered beetles for them. Frequently they are more or less 
ant-like in form, the prothorax being in these cases narrower than 
the wing-covers, and slightly narrower than the head. The abdomen 
has either five or six ventral segments; the anterior coxe are conical, 
prominent, and contiguous, or very slightly separated; the hind 
coxee are transverse, not prominent, and covered by the femora in 
repose; the legs are slender; and the tarsi are five-jointed. 

In the larval state these insects are usually carnivo- 
rous, living under bark and in the burrows of wood-horing 
insects, upon which they prey; some are found in the 
nests of bees; and still others feed on dead animal matter. 

The family is represented in our fauna by nearly two 
hundred species. Figure 584 represents one of our more 
common species, Trichédes nuttadllr. 

The family CORYNETIDZ has recently been sep- 
arated from the Cleridz, which they closely resemble. In this family 
the fourth joint of the tarsi is atrophied; this character distinguishes 
these beetles from the Cleride. About forty American species have 
been described. 

To this family belongs the red-legged ham-beetle, Necrobia riifipes. 
This is a small steel-blue beetle with reddish legs; it measures from 
3.5 mm. to 6 mm. in length. It is found about dead animal matter 
in fields and in other situations. It sometimes invades storehouses 
and seriously infests hams. 

The family LYMEXYLIDZ includes elongated, narrow beetles, 
with short serrate antenne. Only two species have been found in 
this country and these are rare. To this family belongs the ship- 
timber beetle, Lyméxylon navale, of northern Europe. The larva of 
this species was at one time a very serious pest in ship-yards, on 
account of its habit of drilling cylindrical holes in the timber. The 


Fig. 584. 
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method of control by immersing the timber during the time of ovi- 
position of the beetle was suggested by Linnzus. 

The family MICROMALTHID includes a single species, 
Micromdlthus débilis. This is a small beetle, measuring only 2.2 mm. 
in length. It is elongate, piceous, shining, with the antenne and legs 
yellow. This species is of great interest on account of its remarkable 
life-history, only a part of which is yet known. Two papers on this 
subject have been published by Mr. H. S. Barber (’13a, ’13b). 
Briefly, this author’s observations indicate that eggs are produced by 
larve as wellasby the adult females; that there are seven or eight 
forms of larvze; that the two sexes of adults are developed through two 
distinct lines of larvee; and that viviparous as well as oviparous 
pzdogenesis occurs in the life-cycle. The larve are found in decaying 
oak, chestnut, and pine logs, where they make burrows in the decay- 
ing wood, on which they feed. 

The family CUPESID includes only four American species. 
These are found under the bark of decaying trees, and sometimes in 
houses. The body is covered with small scales; other characteristics 
are given in the table of families, page 471. 

The family CEPHALOIDZ is a smail family of which only eight 
American species have been described. See table, page 474, for dis- 
tinctive characters. 

The family @DEMERID£ is composed of beetles of moderate 
size, with elongate, narrow bodies. The head and prothorax are 
somewhat narrower than the wing-covers; the antenne are long, 
nearly filiform, sometimes serrate; the anterior coxal cavities are 
open behind, and the middle coxe are very prominent. Less than 
fifty North American species have been described. They are generally 
found on plants, but some live on the ground near water. The larve 

live for the most part in decaying wood. 

: The family MORDELLIDZ includes a large number 
71s of small beetles which are easily recognized by their pe- 
tin culiar form (Fig. 585). The body is arched, the head 
Fig. 585. being bent down; and the abdomen is usually prolonged 
into a slender point. Our most common species are black; 
but many are variegated, and all are pubescent. The 
adults are usually found on flowers; thelarve livein rotten wood andin 
the pith of various plants, upon which they are supposed to feed. Nearly 

one hundred fifty American species have been described. 

The family RHIPIPHORID includes a small num- 
ber of beetles, which are very remarkable in structure and 
habits. The wing-covers are usually shorter than the ab- 
domen, and narrowed behind (Fig. 586); sometimes they 
are very small, and in one exotic genus they are wanting 
in the female, which lacks the wings also and resembles a 
larva in form. The antenne are pectinate or flabellate in 
the males, and frequently serrate in the females. The adult insects 
are found on flowers. The larve that are known are parasites, some 
in the nests of wasps, and some on cockroaches. 


Fig. 586. 
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Famity MELOIDA 


The Blister-Beetles 


The blister-beetles are of medium or large size. The body iscom- 
paratively soft; the head is broad, vertical, and abruptly narrowed 
into a neck; the prothorax is narrower than the wing-covers, which 
are soft and flexible; the legs are long and slender; the hind tarsi are 
four-jointed, and the fore and middle tarsi are five-jointed. 

These beetles are found on foliage and on flowers, on which they 
feed in the adult state; some of the species are very common on 
goldenrod in the autumn; and several species feed on the leaves of 
potato. 

The blister-beetles are so called because they are used for making 
blister-plasters. The beetles are killed, dried, and pulverized, and 
the powder thus obtained is made into a paste, which when applied 
to the skin produces a blister. The species most commonly used is a 
European one, commonly known as the Spanish-fly; but our Ameri- 
can species possess the same blistering property. 

The postembryonic development of those blister-beetles of which 
the complete life-history is known is a very remarkable one; for it 
has been found that in each of these cases there is a complicated 
hypermetamorphosis. The food of the larva consists, in some species, 
of the eggs of short-horned grasshoppers, in others of the egg and the 
food stored in the cell of some solitary bee. The female blister-beetle 
lays her eggs in the ground; a large number of eggs are laid by a 
single female; this fact is doubtless correlated with the difficulties to 
be overcome by the larvee in their search for their proper food, in 
which comparatively few are successful. The newly hatched larva is 
campodeiform (Fig. 587, A), and is known as the triungulin, a term 
applied to the first instar of blister-beetle larvee. This term was sug- 
gested by the fact that in this instar the tarsi appear to be three- 
clawed; but in reality each tarsus is armed with a single claw, on each 
side of which there is a claw-like seta. 

The triungulins are very active. In the case of those that feed 
on the eggs of short-horned grasshoppers, they run over the ground 
seeking a place where one of these insects has deposited its egg-pod; 
if a triungulin is successful in this search it bores its way into the egg- 
pod; if more than one find the same egg-pod, battles occur till only 
one is left. In the case of those species that develop in the nests of 
bees, the triungulin, instead of hunting for a nest, merely climbs a 
plant, and remains near a flower till it has a chance to seize hold of 
a bee visiting the flower; it then clings to the bee until she goes to 
her nest, then, letting go of the bee, it remains in the cell and is shut 
up there with the egg of the bee and the store of food which she 
provides for her young. The triungulin first devours the egg; after 
which it molts and undergoes a change of form, becoming a clumsy 
creature, which feeds upon the food stored in the cell. Several other 
changes in form occur before the beetie reaches the adult stage; these 
changes are quite similar to those undergone by the larva of Epicauta, 
described below. 
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The wonderful instinct by which the triungulins of these blister- 
beetles find their way to the nests of solitary bees has not yet reached 
perfection; formany of them attach themselves to flies, wasps, honey- 
bees, and other flower-visiting insects, and merely gain useless trans- 
portation thereby. 

The life-history of Epicauta vittata, which was worked out by 
Mr. C. V. Riley (’77), will serve to illustrate the hypermetamorphosis 
of blister-beetles. The adult beetle is yellowish or reddish above, 
with the head and prothorax marked with black and with two black 
stripes on each wing-cover (Fig. 587, F). It feeds on the leaves of 
potato, and is sometimes a serious pest. The female lays her eggs in 


Fig. 587.—Hypermetamorphosis of Epicauta vittata. (From Sharp, after Riley.) 


the ground in loose, irregular masses of about 130 each; several such 
masses are laid by a single female. She prefers for purposes of ovi- 
position the very same warm, sunny locations chosen by the locusts 
for laying their eggs. The triungulins that hatch from the blister- 
beetleeggs (Fig. 587, A) are very active; when one of them finds an 
egg-pod of a locust it penetrates it, and in the course of several days 
devours two of the eggs; a period of rest follows during which it 
molts. The second instar (Fig. 587, B) differs greatly in form from 
the triungulin, and is known as the caraboid larva. A second molt 
takes place after about a week, but it is not accompanied by any 
very great change of form, though the larva is now curved, less 
active, and in form like the larva of a scarabeid beetle. About a week 
later, the third molt occurs; the change in form at this molt is not 
great, thefourth instar (Fig. 587, D) like the third being scarabeoid 
inform; thesetwo instars can be distinguished as the first scarabeoid 
larvaand the second scarabeoid larva respectively. The second scara- 
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beeoid larva grows apace, its head being constantly bathed in the rich 
juices of the locust eggs, which it rapidly sucks or more or less com- 
pletely devours. In another week it forsakes the remnants of the 
locust egg-mass and forms a smooth cavity in the soil a short distance 
from it. The larva then molts; the skin is not shed entirely, but 
remains attached to the caudal end of the body (Fig. 587, C). The 
new skin of the larva becomes rigid and of a deeper yellow color, 
reminding one of a puparium of a dipterous insect; this instar, the 
fifth, is termed the coarctate larva. The insect has the power of re- 
maining in this coarctate larval condition for a long time, and gen- 
erally thus hibernates. At the fifth molt the larva becomes active 
again, and burrows about in the ground; it now resembles in form 
thesecond scarabzeoid larva except that it is smaller and whiter; this, 
the sixth instar, was termed by Riley the scolytoid larva. In thecases 
observed by Riley, the scolytoid larve did not feed but transformed 
to pupz (Fig. 587, E) in the course of a few days. The pupa state 
lasted five or six days. 


More than two hundred species of blister-beetles have been 
found in this country; but by far the greater number of these are 
confined to the western half of this region. Our most com- 
mon species in the East belong to the genus Epicauta. . 

These insects feed in the adult state on the leaves of 

various plants, but especially those of potato, and upon 

the pollen of goldenrod; the larve, so far as is known, 

are parasitic in the egg-pods of locusts (Melanoplus). In 

addition to Epicauta vittata, discussed above, our more f 
common species are the Pennsylvania blister-beetle, Epz- 

cauta pennsylvdnica, which is of a uniform black color Fig. 588. 
(Fig. 588); and Epicauta cinérea, which is sometimes 

clothed throughout with an ash-colored pubescence, and sometimes the 
wing-covers are black, except a narrow gray margin; the two varieties 
were formerly considered distinct species; 
the first is commonly known as the gray 
blister-beetle, the last as the margined 
blister-beetle. 

Closely allied to the beetles mentioned 
above are those of the genus Macrobasts. 
The most common species of this genus 
found in the East is Macrobasts unicolor. 
This beetle measures from 8 mm. to 15 
mm. in length; it is represented, enlarged, 
in Figure 589; it is black, but rather 
densely clothed with grayish hairs, which 
give an ashen hue to the upper surface; 
it is known as the ashy-gray blister-beetle. 

Fig. 589. The beetles of the genus Meloe present 
an exception to the characters of the 
Coleoptera in that the wing-covers, instead of meeting in a straight 
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line down the back, overlap at the base (Fig. 590). These wing- 
covers are short, and the hind wings are lacking. These beetles are 
called ozl-beetles in England, on account of the yel- 
lowish liquid which oozes from their joints when they 
are handled. Ourmost common species is the butter- 
cup oil-beetle, Méloe angusticéllis. It is found in 
meadows and pastures feeding on the leaves of vari- 
ous species of buttercups. 

The species of the genus Nemégnatha and some 
allied forms are remarkable for having the maxille 
: developed into a long sucking-tube, which is some- 

oe yt: times as long as the body, and which resembles some- 

what the sucking-tube of a butterfly. 

The family, EURYSTETHID includes only three American 
species, one found in Alaska and two found in California. One of the 
latter, Eurystéthus subopacus, was found by Professor VanDyke on the 
seashore, in crevices of inter-tidal rocks. 


The family OTHNIIDZ is represented in our territory by five 
species of Othnius, one from the East and four from the Far West. 
They aresmall beetles, which are found running actively on the leaves 
of trees, and are probably predacious. In this family the anterior 
coxal cavities are closed behind, and none of the abdominal segments 
are grown together on the ventral side. 


The family PYTHID includes less than a score of North 
American species. Some of these live under bark, and are said to 
prey on bark-beetles; others arefound understones. See table, p. 474, 
for distinctive characters. 

The family PYROCHROID! includes a small number of beetles, 
which are from 8 mm. to 18 mm. in length. The body is elongate; 
the head and prothorax are narrower than the wing- 
covers; the antenne are serrate or subpectinate in the 
females and usually flabellate in the males (Fig. 591). 
The beetles are found about decaying trees, beneath 
the bark of which the larve live. 

The family PEDILIDA!.—In this and in the fol- 
lowing family the abdomen is composed of five free 
segments, and the tarsi have the penultimate joint P 
lobed beneath. In this family the eyes are large, finely Fig. 591. 
faceted, and usually emarginate. These beetles are 
arboreal in habits. There are about fifty described species in our 
fauna. 

The family ANTHICIDA!.—In this family, as in the preceding 
one, the abdomen consists of five free segments, and the penultimate 
joint of the tarsi is bilobed. But in this family the eyes are small, 
rounded, usually coarsely faceted, and emarginate. These are 
active ground beetles of predacious habits. Among our more com- 
mon species are those of the genus Notéxus, in which the prothorax is 
prolonged over the head into a horn. There are nearly two hundred 
described species of this family in our fauna. 
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The family EUGLENIDZ is composed of small or minute beetles, 
found on leaves and flowers; many of them are less than 2 mm. in 
length. They resemble the members of the two preceding families; 
but differ in having the antepenultimate segment of the tarsi bilobed, 
instead of the penultimate, and in having the abdomen composed of 
only four free ventral segments, of which the first is formed of two, 
firmly united but with the suture sometimes evident. There are 
about forty described North American species. 


The family CEROPHYTID/ includes only two rare species of 
Ceréphytum, one found in Californiaand onein Pennsylvania. These 
were formerly included in the Elateride; but they differ from that 
family in that the posterior coxze are not laminated, and the 
trochanters of the middle and posterior legs are very long. 

The family CEBRIONID includes a few species found in the 
South. They were formerly included in the Elateride; but they 
differ from that family in that the abdomen consists of six or more 
ventralsegments. This family differs from the following one in hav- 
ing the tibial spurs well developed. 

The family PLASTOCERID& includes about a score of species 
found in the South and in California. It is closely allied to the pre- 
ceding family, but differs in having the tibial spurs short and very 
delicate. 

The family RHIPICERID, or cedar-beetles, is represented in 
this country by a very small number of species, which are most com- 
monly found on cedars. The antennz are serrate in the females, 
frequently flabellate in the males. The anterior and middle coxe 
are conical and prominent, the former with large trochantins; the 
posterior coxee are transverse, and dilated into a small plate partly 
covering the femora. 


Famity ELATERID/ 
The Click-Beetles or Elators 


There is hardly a country child that has not been entertained by 
the acrobatic performances of the long, tidy-appearing beetles called 
snapping-bugs, click-beetles, or skip-jacks (Fig. 592). 

Touch one of them and it at once curls up its legs, and 
drops as if shot; it usually lands on its back, and lies there 
for a time as if dead. Suddenly there is a click, and the 
insect pops up into the air several inches. If it comes 
down on its back, it tries again and again until it succeeds 
in striking on its feet, and then it runs off. Fig. 592. 

Our common species of click-beetles are mostly small 
or of medium size, ranging from 2.5 mm. to 18 mm. in length. A 
few species are larger, some reaching the length of nearly 50 mm. 
The majority of the species are of a uniform brownish color; 
some are black or grayish, and some are conspicuously spotted 
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(Fig. 593). The body is elongated, somewhat flattened, and tapers 
more or less toward each end; the antenne are moderately elongated 
and more or less serrate; the first and second ab- 


; dominal segments are not grown together on the 
ventral side; and the hind coxe are each furnished 
k with a groove for the reception of the femur. 


The ability to leap into the air when placed on 
their back, which is possessed by most members of 
this family and by a few members of the following 

Fig. 593-—A family, is due to two facts: first, the prosternum is 
Fi Se aa prolonged into a process which extends into a groove 
naturalsizeand 12 the mesosternum; and second, the prothorax is 
enlarged. loosely joined to the mesothorax, so that it can be 

freely moved up and down. When preparing to 
leap, the beetle bends its body so as to bring the prosternal process 
nearly out of the groove in the mesosternum; then it suddenly 
straightens its body, with the result that the prosternal process 
descends violently into the groove; the blow thus given to the meso- 
thorax causes the base of the elytra to strike the supporting surface, 
and by their elasticity the whole body is propelled upward. 

Adult elaters are found on leaves and flowers, and are exclusively 
phytophagous; the larve live in various situations; most of them 
are phytophagous, but some species 
are carnivorous. _stchthe, sig 

The larve are long, narrow, Fig. 504. 
worm-like creatures, very even in 
width, with a very hard cuticula, 
and are brownish or yellowish in =n 
color (Figs. 594 and 595). They are Fig. 595. 
commonly known as wire-worms, a 
name suggested by the form and hardness of the body. 

Some wire-worms live under the bark of trees and in rotten wood; 
but many of them live in the ground, and feed on seeds and the roots 
of grass and grain. In fact there is hardly a cultivated plant that they 
do not infest, and, working as they do beneath thesurface of the ground, 
it is extremely difficult to destroy them. Not only do they infest 
a great variety of plants, but they arevery apt to attack them at the 
most susceptible period of their growth, before they have attained 
sufficient size and strength to withstand the attack; and often seed 
is destroyed before it is germinated. Thus fields of corn or other 
grain are ruined at the outset. The appearance of these insects when 
in the ground, as seen through the glass side of one of our root-cages, 
is shown in Fig. 5096. 

There is a vast number of species of click-beetles; more than five 
hundred have been described from North America alone. It is quite 
difficult to separate the closely allied species, as there is but little 
variation in shape and color. 

The larvee also show comparatively little variation in the general 
form; but in this stage the shape of the parts of the head and its ap- 
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pendages, and the structure of the caudal end of the body, afford useful 
characters. The value of these characters in indicating the principal 
divisions of the family is pointed out by Hyslop (’17). 


Fig. 596.—A corn-plant growing in a 
root-cage infested by wire-worms 
and click-beetles. (From a speci- 
men in the Cornell Insectary.) 


we have a few species that are large. The most 
common of these is the eyed elater. This is the 
great pepper-and-salt-colored fellow that has two 
large, black, velvety, eye-like spots on the pro- 
These.are not its eyes, how- 
ever. The true eyes are situated one on each side 


thorax (Fig. 597). 


An extended 
series of experi- 
ments were con- 
ducted by Com- 
stock and Slin- 
gerland (’gr) in 
an effort to discover a practicable 
method of preventing the ravages 
of wire-worms. In those species that 
we bred, it required several years 
for the larva to complete its growth. 
In these species the full-grown larva 
changes to a pupa in the latter part 
of the summer, in a little cell in the 
ground; the pupa soon afterwards 
changes to an adult; but the adult 
remains in the cell formed by the 
larva till the following spring. 

Although we tried an extensive 
series of experiments, extending over 
several years, we were unable to find 
any satisfactory way of destroying 
the larvee infesting field crops. But 
we found that if the cells containing 
pup or recently-transformed adults 
were broken, the insects perished. 
We conclude, therefore, that much 
can be done towards keeping these 
insects in check by fall-ploughing; 
for in this way many of the cells 
containing pupz 
or young adults 
would be broken. 

The eyed el- 
ater, Alaus ocu- 
latus — Although 
most of our click- 
beetles are of 
moderate size, 


of the head near the base of the antenna. This Fig. 597. 
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insect varies greatly in size, some individuals being not more than 
half as large as others. 

The larve live in decaying wood, and are often found in the 
trunks of old apple trees. It was formerly believed that they fed on 
the decaying wood; but they have been found to be carnivorous. 
The larger larvee are about 60 mm. in length. 

There is an elater quite similar to the preceding that differs in 
having the eye-like spots less distinctly marked; this is Alaus myops. 
This species is not as common as the preceding one. 

The family EUCNEMID was formerly regarded as a subfamily 
of the Elateride. It differs from the Elateride, as now restricted, 
in having the labrum concealed, and in that the antenne are some- 
what distant from the eyes, and their insertion narrowing the front. 
The adults are found under bark or on the leaves of plants; most of 
the speciesare rare. ‘The larve have a striking resemblance to those 
of the family Buprestidz, both in form and habits, being abruptly 
enlarged in front, and usually occurring in wood which has just begun 
to decay.”” (Blatchley ’10.) 

The family THROSCID includes a few small species which 
resemble the elaters and buprestids in having the prosternum pro- 
longed behind into a process, which is received in the mesosternum. 
They differ from the elaters in having the prothorax firmly joined to 
the mesothorax, and the front coxal cavities closed behind by the meso- 
sternum instead of by the prosternum; and from the buprestids in 
having the ventral abdominal segments all free. The adult beetles 
are found on flowers. 


Famity BUPRESTIDA 
The Metallic Wood-Borers or Buprestids 


The buprestids resemble the click-beetles somewhat in form, being 
rather long and narrow; but they are easily recognized by their 
metallic coloring. Their bodies are hard and inflexible, and usually 
appear as if made of bronze; but some species exhibit the brightest 
of metallic colors. The antennz are serrate; the first and second 
abdominal segments are grown together on the ventral side; and these 
beetles do not have the power of springing when placed on the back. 

The adults are found upon flowers and upon the bark of trees 
basking in the hot sunshine. Some of them fly very rapidly, with a 
loud buzzing noise; and some drop to the ground when disturbed 
and feign death. 

Most of the larve are borers, feeding beneath bark or within 
solid wood. In such species the body is of a very characteristic 
form, which is commonly designated as “‘flat-headed.”* The flattened 
portion, however, is composed largely of the segments immediately 
following the head. The first thoracic segment is very wide and flat: 
the next two or three segments are also flattened, but are successively 
smaller; while the rest of the body is quite narrow and cylindrical. 
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These “‘flat-headed”’ larve are legless, and have been compared to 
tadpoles on account of their form. ‘Their burrows are flattened, 
corresponding with the shape of the larger part of the body. In some 
of the smaller species the larve are cylindrical, and are furnished with 
three pairs of legs. These are leaf-miners; and in the adult state the 
body is much shorter than in the more typical species. 

This family is represented in our fauna by nearly three hundred 
species; among the more important of those that infest cultivated 
plants are the following. 

The Virginian buprestid, Chalcéphora virginica.—This is the larg- 
est of our common buprestids (Fig. 598). It is copper-colored, often 
almost black, and has its upper surface roughened by irregular, 
lengthwise furrows. This bee- 
tle appears late in spring in 
the vicinity of pine-trees. The 
larvee bore in the wood of pine, 
and are often very injurious. 

Dicérca divaricatais 18 mm. 
or more in length, copper- 
colored or brassy above, with 
the wing-covers marked with 
square, elevated, black spots. Fig. 598. Fig. 599. Fig. 600. 
The wing-covers taper very 
much behind, and are separated at the tips (Fig. 599). The lar- 
va bores in peach, cherry, beech, and maple. 

The flat-headed apple-tree borer, Chrysobéthris femorata.—This is 
one of the most injurious of all buprestids. The adult (Fig. 600) is 
about 12 mm. long, and is very dark green above, with bronze re- 
flections, especially in the furrows of the wing-covers. It appears 
during June and July, and lays its eggs upon the trunk and limbs of 
apple, peach, oak, and other trees. The larve at first bore into the 
bark and sap-wood, and later into the solid wood. The transforma- 
tions are completed in one year. 

To prevent the ravages of this pest, the trees are rubbed with 
soap during June or July, or cakes of soap are placed in the forks of 
the trees, so that the rains will dissolve the soap and wash it down 
over the trunks. This is supposed to prevent the beetles from deposit- 
ing their eggs on the trees. After a tree is once infested, the larvee 

should be cut out with a gouge ora knife. Nursery stock 
that is infested should be promptly burned. 
The red-necked agrilus, Agrilus ruficéllis—This beetle 
(Fig. 601) is about 7.5 mm. long. Its body is narrow and 
nearly cylindrical. The head is of a dark bronze color, the 
prothorax of a beautiful coppery bronze, and the wing- 
covers black. The larva bores in the stems of raspberry 
F and blackberry, causing a large swelling, known as the 
Fig. 601. raspberry gouty-gall. These galls should be collected and 
burned in early spring. 

The family PSEPHENID includes only the genus Psephénus, 

of which we have four species, one found in the East and three in 
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California. This genus was formerly included in the following family ; 
but it differs from the Dryopide in having more than five ventral ab- 
dominal segments. Our eastern species is Psephénus lecontet. These 
beetles are found in the vicinity of running water, and often, in the 
heat of the day, collect on stones that project from the water; they 
fly swiftly when disturbed. The body is oval, subdepressed, nar- 
rowed in front, and clothed with fine, silken hairs, which retain a film 
of air when the insect goes beneath water. The females deposit their 
eggs in a layer on the under side of submerged stones in shallow 
brooks. The beetles measure from 4.5 mm. to 6 mm. in length. 

The larva is found clinging to the lower surface 
of stones in rapid streams, and I have found it in 
muck near a spring. It is very flat, circular in out- 
line (Fig. 602), and measures about 7 mm. in 
length. It breathes by five pairs of branched tracheal 
gills on the ventral side of the abdomen. It 1s rarely 
recognized as an insect by the young collector; in 
fact it was originally described as a crustacean under 
the generic name Fluvicola. I have suggested the 
common name water-penny for the larva. When 
; mature the larva leaves the water, and pupates 
Fig. 602. under the last larval skin, beneath a stone or other 

object in a damp situation. 


The family DRYOPIDZ as now restricted includes only the sub- 
family Parnine of the old family Parnidz, in which were included 
the preceding family and the following family. The 
Dryopide differ from the Psephenide in that the 
members of it have only five ventral abdominal seg- 
ments, and from the Elmidz in that in the Dryopide 
the anterior coxe are transverse, with a distinct tro- 
chantin. 

This family includes small water-beetles in which 
the legs are not fitted for swimming. They are 
found most often in swift-running water, where they 
cling to stones, logs, or aquatic plants. The body is 
clothed with fine, silken hairs, which retain a film of 
air when theinsect is beneath the water. They feed 
on decaying matter in the water. 

The larve are also aquatic. The larva of 
Hélichus lithophilus (Fig. 603) resembles somewhat 
the water-penny (Psephenus), except that the body 
is more elongate and is deeply notched between the 
segments. 

Seventeen species of this family have been found in our fauna. 


The family ELMIDA® includes beetles that are closely allied to 
the preceding family in structure and in habits; but in this family 
the anterior coxe are rounded and without a trochantin, and the body 
is less densely pubescent than in the Dryopide. 
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The larve of some exotic species are said to live in damp earth; 
but the larva of Stenélmis bicarinatus, which was described by 
Professor Matheson (’14) is aquatic. This larva (Fig. 604) 
differs greatly in form from the representatives of the two 
preceding families figured above, being long and slender. 

The family HETEROCERIDA, or the variegated 
mud-loving beetles, includes only the genus Heterécerus, 
of which eleven species have been found in our fauna. In 
this family all of the tarsi are four-jointed; the first four ab- 
dominal segments are grown together on the ventral side; 
and the tibize are dilated, armed with rows of spines, and 
fitted for digging. These beetles are oblong or sub-elon- 
gate, oval, densely clothed with short, silky pubescence, 
very finely punctate, and of a brown color, with the elytra 
usually variegated with undulated bands or spots of yellow 
color. They live in galleries which they excavate in sand 
or mud at the margins of bodies of water, and, when dis- 
turbed, run from their galleries and take flight. 

The family GEORYSSID, or the minute mud-loving 
beetles, includes only the genus Georyssus, of which only 
two species have been found in the United States. They 
are very minute, rounded, convex, roughly sculptured, black insects, 
found at the margin of streams, on wet sand; they cover themselves 
with a coating of mud or fine sand, so that they can be detected only 
when they move. 

The family DASCILLIDZ includes certain beetles that live on 
plants, usually near water. The legs are short, with slender tibie; 
The tarsi are five-jointed; the anterior coxe bear a distinct trochan- 
tin; the posterior cox are transverse, and dilated into a plate partly 
covering the femora; and the abdomen has five free, ventral segments, 
the fifth rounded at the tip. 

Sharp (’99) states that the larva of Dascillus cervinus is subterra- 
nean, and is believed to live on roots; in form it is somewhat likea 
lamellicorn larva, but is straight, and has a large head. 

Only twenty-one species of this family have been described from 
our fauna; but these represent fifteen genera. 

The family EUCINETIDZ& has recently been separated from the 
Dascyllide. In the Eucinetide the anterior coxe do not bear a 
trochantin; the posterior coxe are dilated into immense oblique 
plates, concealing the hind legs in repose; and_the internal lobe of 
the maxille is armed with a terminal hook. Only eight species of 
this family occur in our fauna; seven of these belong to the genus 
Eucinetus. . 

The larva of a European species of Eucinétus lives on fungoid 
matter on wood. 

The family HELODIDZ includes small beetles, less than 6 mm. 
in length, found on plants near water. As in the preceding family, 
the anterior coxe are without a trochantin; but the lacinia of the 
maxille is not armed with a terminal hook; and the cuticula of the 
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body is usually soft and thin. Sharp (’99) states that the larvee are 
aquatic, and are remarkable for possessing antenne consisting of a 
great many joints. Our fauna includes thirty-two described species 
of this family. 

The family CHELONARIIDZ is represented in our faunaby a 
single species, Chelonarium lecénter, found in Florida. See table, page 
471, for distinguishing characters. 


Famity DERMESTIDA 
The Dermestids 


There are several families of small beetles that feed on decaying 
matter, or on skins, furs, and dried animal substances. The most 
important of these is the Dermestide, as several species belonging to 
this family destroy household stores or goods. 

The dermestids can be distinguished from most of the other beetles 
with similar habits by the fact that the wing-covers completely cover 
the abdomen. They are chiefly small beetles, although one of the 
common species measures 8 mm. in length. They are usually oval, 
plump beetles, with pale gray or brown markings, which are formed 
of minute scales, which can be rubbed off. These beetles have the 
habit of pretending that they are dead when they are disturbed; 
they will roll over on their backs with their legs meekly folded and 
lie still for a long period. 

The larve do much more damage than the adults. They are ac- 
tive, and are clothed with long hairs. These hairs are covered 
throughout their entire length with microscopic barbs. 

This family isrepresented in our fauna by about one hundred thirty 
species; the following are some of the more important of these. 

The larder-beetle, Derméstes lardarius.—This pest of the larder is 
the most common of the larger members of this family. It measures 
from 6 mm. to 7.5 mm. in length, and is black except the 
basal half of its wing-covers, which are pale buff or brown- 
ish yellow. This lighter portion is usually crossed by a 
band of black spots, three on each wing-cover (Fig. 605). 
The larva feeds on dead animal matter, as meat, skins, 
feathers, and cheese. It is often a serious pest where bacon 
or ham is stored. When full-grown it is about 12 mm. in 
length, dark brown above, whitish below, and rather 
thickly covered with long, brown hairs. It is said that these insects 
can be attracted by baits of old cheese, from which they may be 
gathered and destroyed. 

The carpet-beetle, Anthrénus scrophularie.—This is a well-known 
household pest. It is an introduced European insect, which was first 
recognized as a serious pest in this country about 1874. It feeds in 
its larval state on carpets, woollens, furs, and feathers; and for a 
considerable period was exceedingly destructive. In recent years its 
ravages have been greatly reduced by the more general use of rugs 
instead of carpets. Asrugs are taken up and cleaned frequently. the 
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insect does not have a chance to breed as it does under carpets which 
are tacked to the floor and taken up only once or twice a year. The 
larva is well known to many housekeepers as the buffalo-moth. It 
is a short, fat grub, about 5 mm. in length when full-grown, and 
densely clothed with dark brown hairs. It lives in the cracks of 
floors, near the edges of rooms, and beneath furniture, where it eats 
holes in the carpet. It also enters wardrobes and destroys clothing. 
The adult is a pretty little beetle which may be found in infested 
houses, in the spring, on the ceilings and windows. It measures from 
2.2 mm. to 3.5 mm. in length and is clothed with black, white, and 
brick-red scales. There is a whitish spot on each side of the prothorax, 
and three irregular, whitish spots on the outer margin of each wing- 
cover; along the suture where the two wing-covers meet, there is a 
band of brick-red scales, which is widened in several places. It is 
worth while to learn to know this beetle; for a lady-bug which often 
winters in our houses is frequently mistaken for it. The carpet-beetle 
in its adult state feeds on the pollen of flowers. Sometimes it abounds 
on the blossoms of currant, cherry, and other fruits. The best way 
to avoid the ravages of this pest is to use rugs instead of carpets, and 
to trap the larve by placing woollen cloths on the floors of closets. 
By shaking such cloths over a paper once a week, the larve can be 
captured. 


The change from carpets to rugs is a very desirable one; for 
carpets that are tacked to the floor and taken up only once or twice 
a year are unwholesome. The change need not be a very expensive 
one. As carpets wear out they may be replaced with rugs; and 
good carpetscan be madeover intorugs. Ifthe floors are not polished, 
as is usually the case where it was planned to cover them with carpets, 
they can be made presentable by filling the cracks with putty and 
painting the boards where they are to be exposed. 


The museum pests, Anthrénus verbasci and Anthrénus museorum.— 
There are two minute species of this family that are a constant source 
of annoyance to those having collections of insects. The adult 
beetles measure from 2 mm. to 3 mm. in length, and are very convex. 
They deposit their eggs on specimens in our collections; and the 
larvee feed upon the specimens, often destroying them. In order to 
preserve a collection of insects it is necessary that they should be 
kept in tight cases, so that these pests cannot gain access to them. 
Specimens should not be left exposed except when in use. And the 
entire collection should be carefully examined at least once a month. 
The injury is done by the larve, which are small, plump, hairy grubs. 
Their presence is indicated by a fine dust that falls on to the bottom 
of the case from the infested specimens. These larve can be destroyed 
by pouring a small quantity of carbon disulphide into the case, and 
keeping it tightly closed for a day or two. Benzine poured on a bit 
of cotton in the box will cause the pests to leave the specimens, when 
they may be taken from the box and destroyed. But we have found 
carbon bisulphide the better agent for the destruction of these pests. 
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The family BYRRHIDZ, or the pill-beetles, are short, very con- 
vex beetles of small or moderate size; some, however, are 12 mm. in 
length. The body is clothed with hair or minute scales. The legs can 
be folded up very compactly, the tibia usually having a furrow for 
the reception of the tarsus. These beetles are found upon walks and 
at the roots of trees and grass; a few live under the bark of trees. 
Nearly one hundred species have been found in this country. 

The family NOSODENDRIDZ includes two species of Noso- 
déndron, one fourd in the East and one in California. They were 
formerly included in the Byrrhide, but differ from that family in 
having the head prominent and the mentum large. These beetles live 
under the bark of trees. 

The family RHYSODID includes only four species, two from 
each side of the continent. They are elongate, somewhat flattened 
beetles, with the head and prothorax deeply furrowed with longi- 
tudinal grooves; and the abdomen with six ventral segments, the 
first broadly triangular, widely separating the coxe. They are found 
under bark. See footnote, page 470. 

The family OSTOMIDZ includes oblong, somewhat flattened 
beetles, of a black or reddish black color. Most of them live under 
bark; but some are found in granaries, and have been widely dis- 
tributed by commerce. The larva of a species found under bark has 
been observed to feed on the larva of the codlin-moth. 

One well-known species, Tenebroides mauritdnicus, infests gran- 
aries. It isa shining brown beetle measuring about 8 mm. in length; 
it is commonly known as the cadelle. Both adult beetles and larvee 
feed on grain, but are also predacious, feeding on other insects infest- 
ing grain. The larve when full-grown burrow into the sides of the 
bins, where they transform. 

The family NITIDULID comprises small, somewhat flattened 
beetles. With many species the prothorax has wide, thin margins, 
and the wing-covers are more or less truncate, so as to leave the tip 
of the abdomen exposed; but sometimes the elytra are entire. The 
tarsi are usually five-jointed, with the fourth segment very small; 
they are more or less dilated; the posterior coxe are flat, not sulcate; 
the anterior coxz are transverse; and the abdomen has five free 
ventral segments. 

Most species of this family feed on the juices of fruits and ferment- 
ing sap that exudes from trees; a few are found on flowers, and others 
on fungi or carrion. About one hundred thirty species are known 

sg, irom North America. One of themost common species is 

Glischrochius (Ips) fasciatus (Fig. 606). This is ashining 
K black species, with two conspicuous, interrupted, reddish 
: bands across the wing-covers. 
BiesGoe! The family RHIZOPHAGID includes only the genus 
Rhizophagus, of which there are fourteen North American 
species. These are small, slender, elongate species, which live 
beneath bark. This genus was formerly included in the preceding 
family; it differs from that family in that the antenne are only 
ten-jointed, and the club of the antennz is two-jointed. 
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The family MONOTOMID is composed of small, depressed 
beetles, found mostly under the bark of trees, but some species live 
in the nests of ants. The wing-covers are truncate behind, leaving 
the last abdominal segment exposed. There are nearly forty described 
North American species. 


Famity CUCUJIDA 


The Cucujids 

The insects of this family are very flat and usually of an elongate 
form; most of the species are brown, but some are of a bright red 
color. Asa rule they are found under bark and are believed to be 
carnivorous both in the larval and adult states; but some 
feed in grain. There are nearly one hundred species in our 
fauna. 

The most conspicuous of our common species is 
Cucujus clavipes (Fig. 607). This insect is about 12 mm. 
in length and of a bright red color, with the eyes and an- 
tennz black and the tibia and tarsi dark. 

The most important member of this family is the corn Fig. 607. 
silvanus, Szlva@nus surinaménsis, which is one of the small 
beetles that infest stored grain. This species is readily distinguished 
from other small beetles with similar habits by its flattened form and 
the saw-like edges of the prothorax. Besides grain it often infests 
dried fruits and other stores. It measures from 2.5 mm. to 3 mm. in 
length. The larva as well as the adult feed on grain. It differs from 
the larva of the granary-weevil (Calendra) in the more elongate form 
of its body and in the possession of three pairs of legs. 


Famity EROTYLIDA 


The Erotylids 
The members of this family are usually of moderate or small size; 
but some species are quite large, measuring 18 mm. or more in 
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Fig. 609. 


length. Some of our more common species are conspicuously 

marked with shining black and red. 
To the genus Megaloddchne belong two common, large species, 

which are black, with two dull red bands extending across the 
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wing-covers. M. heros (Fig. 608) is 16 mm. or more in length. 
M. fasciata is about 12 mm. in length. 

The genus Languria includes long, narrow species, which resemble 
click-beetles in form. Figure 609 represents Languria mozdrdt. 
greatly enlarged. This is a reddish species with dark blue wing- 
covers; the larva bores in the stalks of clover. It has not become 
a serious pest as the larve are destroyed whenever clover is cut at 
the proper time. 

The larvz of some species of this family feed on fungi. 

The family DERODONTID® includes only five American species, 
two found in the East and three in the Far West. They are 
small brown or dull brownish yellow beetles, having the head deeply 
impressed, with a small, smooth tubercle on each side inside the 
eye. These beetles are found on fungi. 

The family CRYPTOPHAGID includes insects of small size, 
usually less than 2.5 mm. in length, and of variable form but never 
very flat. The thorax is nearly or quite as wide as the wing-covers, 
and the first ventral abdominal segment is somewhat longer than 
the others. They are generally of a light yellowish brown color, 
and live on fungi and decomposing vegetable matter. 


The family BYTURID includes only the genus Bytirus, of 
which there are five species in our fauna. This genus was formerly 
included in the Dermestidz, but it differs from that family in having 
the second and third segments of the tarsi lobed beneath, the front 
coxal cavities closed behind, and the tarsal claws armed with a large 
basal tooth. The following is a well-known species. 

The raspberry fruit-worm, Byturus unicolor.—The fruit of the red 
raspberry is often infested by a small white worm, which clings to 
the inside of the berry after it is picked. This is the larva 
of an oval, pale, dull yellow beetle, which is densely 
clothed with short, fine, gray hairs. The beetle is repre- 
sented enlarged in Figure 610; it measures from 3.7 to I 
4.5 mm. in length. ‘This insect is also injurious in the 
adult state, as it feeds on the buds and tender leaves of the 
raspberry and later attacks the blossoms. Fig. 610. 


The family MYCETOPHAGID, or the hairy 
fungus-beetles, is composed of small, oval, rarely elongate, moderately 
convex beetles. They are densely punctured and hairy, and are 
usually prettily marked insects. They live on fungi and under bark. 
There are about thirty species in our fauna. 

The family COLYDIID is composed of small insects which are 
usually of an elongate or cylindrical form, and are found under bark, 
in fungi, and in earth. Some of the species are known to be carniv- 
orous, feeding on the larvee of wood-boring beetles. The tarsi are 
four-jointed; the tibia are not fitted for digging, and the first four 
abdominal segments are grown together on the ventral side. More 
than eighty North American species are known. 
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The tamily MURMIDIID includes five introduced species 
representing five genera. They are very small, oval beetles, differing 
‘rom the Colydiidz in having the antennz inserted on the front, and 
in having the anterior coxe inclosed behind by the metasternum. 

_ The family LATHRIDIID includes very small beetles which 
are found chiefly under bark and stones or in vegetable debris, es- 
pecially decaying leaves. They are oblong; the wing-covers are usu- 
ally wider than the prothorax and entirely cover the abdomen. There 
are about one hundred species in our fauna. 

The family MYCETA2IDZE includes only four American species, 
which have recently been separated from the following family; they 
differ from the Endomychide in having the tarsi distinctly four- 
jointed. 

The family ENDOMYCHIDZ includes a small number of 
species, whch are found chiefly in fungus, in decaying wood, or be- 
neath logs and bark. They are small, oval or oblong beetles. The 
antenne are about half as long as the body; the prothorax is nearly 
square, and usually has a wide, thin margin, which is slightly turned 
upwards at the sides. 

The family PHALACRIDA, or the shining flower-beetles, in- 
cludes very small, convex, shining black beetles; they are found on 
flowers and sometimes under bark. The larve live in the heads of 
flowers, especially in those of the Composite. More than one hundred 
North American species have been described. 


Famity COCCINELLIDA 
The Lady-Bugs 


These insects are well-known to nearly every child under the 
popular name given above. They are more or less nearly hemi- 
spherical, generally red or yellow, with black spots, or black, with 
white, red, or yellow spots. 

The larvee occur running about on foliage; they are often spotted 
with bright colors and clothed with warts or with spines (Fig. 611). 
When ready to change to a pupa the larva fastens 
itself by its tail to any convenient object, and the 
skin splits open on the back. Sometimes the pupa 
state is passed within this split skin, and some- 
times the skin is forced back and remains in a little 
wad about the tail (Fig. 612). 

With very few exceptions, the lady-bugs are Fig. 611. Fig. 612. 
predacious, both in the larval and adult states. 
They feed upon small insects and upon the eggs of larger species. 
The larvee of certain species are known as “‘niggers”’ by hop-growers, 
and are greatly prized by them; for they are very destructive to the 
hop-louse. On the Pacific Coast lady-bugs are well known as the most 
beneficial of all insects to the fruit-growers. In addition to the native 
species found there, several species have been introduced as a means 
of combating scale-insects. One of these, Roddlia cardinalis, which 
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has been incorrectly known as Vedalia cardindlis, has proved of very 
great value in subduing the cottony-cushion scale (Icerya purchast). 
This lady-bug was introduced from Australia. 

The larva of Brachyacantha 1s found in the nests of ants. It is 
covered with dense tufts of delicate white wax; its food probably 
consists of the eggs of coccids living in the nests. 

A very common lady-bug in the East is Adalia bipunctata. This 
species is reddish yellow above, with the middle of the prothorax 
black, and with a black spot on each wing-cover. It frequently 
passes the winter in our dwellings, and is found on the walls and 
windows in early spring. Under such circumstances it is often mis- 
taken for the carpet-beetle, and, unfortunately, destroyed. 

The nine-spotted lady-bug, Coccinélla novemnotata, has yellowish 
wing-covers, with four black spots on each, in addition 
to a common spot just back of the scutellum (Fig. 613). 

Although almost all of the Coccinellidz are predacious, 
there are some that are herbivorous. One of these is Fic. 6 
found in the East. This is the squash-ladybird, Epilachna ~*® °*% 
borealis. This beetle and its larva (Fig. 614) feed on the foliage of 
various cucurbitaceous plants, but prefer that of the squash. The 
adult is yellow- 
ish, with large, 
black spots. The 
larva is yellow 
and is clothed 
with forked 
spines. A pupa 
is shown in the 
figure near the 
upper right-hand 
corner. 

The bean- 
ladybug, Epi- 
lachna corriupta, 
which is found in 
the South and 
Southwest, is an- 
other herbivo- 
rous species. 

a The family 
Fig. 614. ALLECULI- 
ID) 43; ae selne 
comb-clawed bark-beetles, includes brownish beetles, without spots, 
which are found on leaves and flowers and under bark. The body is 
usually elongate, elliptical, quite convex, and clothed above with 
minute hairs, which give a silken gloss to the surface. They are most 
easily distinguished from allied families by the tarsal claws being 
pectinate, and the anterior coxal cavities closed behind. The larvze 
of some of our species at least live in rotten wood and resemble wire- 
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worms in appearance. There are more than one hundred described 
North American species. 


Famity TENEBRIONIDA® 
The Darkling Beetles 


The darkling beetles are nearly all of a uniform black color, 
although some are gray, and afew are marked with bright colors. 
The different species vary greatly in size and in the form of the body. 
The hind tarsi are four-jointed, and the fore and middle tarsi are 
five-jointed. For other characters, see table, p. 474. 

These insects occur chiefly in dry and warm regions. Thus while 
we have comparatively few species in the northeastern United States, 
there are many in the Southwest. Most of the species feed on dry 
vegetable matter, and often on that which is partially decomposed; 
some live in dung, some in dead animal matter, others in fungi, and 
a few prey upon larve. More than eleven hundred species occur in 
this country. The three following will serve to illustrate the variation 
in form and habits. 

The meal-worm, Tenébrio mélitor—This is a well-known pest in 
granaries and mills. The larva is a hard, waxy yellow, cylindrical 
worm, which measures when full-grown 25 mm. or 
more in length, and closely resembles a wire-worm; 
it feeds on flour and meal. The beetle is black and 
about 15 mm. in length, (Fig. 615). The larve , 
and pupz are used for bird-food and are grown in 
quantity by bird-supply houses. 

The forked fungus-beetle, Boletothérus cornutus, 
is common in the northeastern United States and 
in Canada about the large toadstools (Polyporus) 
which grow on the sides of trees. The surface of the body and wing- 
covers is very rough, and the prothorax bears two prominent horns 
(Fig. 616). The larva lives within the fungi referred 
to above. 

The pinacate-bugs.—Several species of Eleddes 
are abundant on the Pacific Coast, where they are 
found under stones and pieces of wood lying on the 
ground. They are apt to congregate in large numbers 
under a single shelter, and are clumsy in their move- 
ments. They defend themselves when disturbed by 
elevating the hinder part of the body and discharging 
an oily fluid fromit. They present an absurb appear- 
ance, walking off clumsily, and carrying the hind end 
: of the body as high as possible. The most common 

Fig. 617. species are large, smooth, club-shaped beetles (Fig. 

617), and are commonly known as pinacate-bugs. 
These beetles and those belonging to several closely allied genera lack 
hind wings. 


Fig. Fig. 
615. 616. 
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The family LAGRIIDA, or the lagriid bark-beetles, includes 
elongate beetles, with a narrow, subcylindrical prothorax, and a more 
or less brassy color. They are closely allied to the preceding family, 
but differ in having the next to the last segment of the tarsi 
spongy beneath. They are found under bark and on 
leaves. The larvee feed freely on foliage and are much less 
retiring in habits than those of the darkling beetles. 

Seventeen species are listed from the United States; most 

of these are found in the South and Far West. Our most 

common species in the East is Arthromacra enea (Fig. 618); \ 
this species measures from 9.5 mm. to 13.5mm.inlength. Fig. 618. 

The family MONOMMID£ is represented in this 
country by only six species, found chiefly in the Far West and in 
Florida. They are small, black, oval beetles, in which the anterior 
coxal cavities are open behind, the hind tarsi four-jointed, and the 
other tarsi five-jointed; and in which the antenne are received in 
grooves on the under side of the prothorax. Except one species found 
in Florida, our species belong to the genus Hyporhagus. 

The family MELANDRYID® includes about eighty North 
American species. These are found under bark and in fungi. They 
are usually of elongate rorm, although some, like the one 
figured here, are not so. The maxillary palpi are fre- 
quently very long and much dilated; and the first seg- 
ment of the hind tarsiisalwaysmuch elongated. Among 
our more common species are two belonging to the 
genus Penthe. These are rather large, oval, depressed 

- beetles, upwards of 12 mm. in length, and of a deep 
Fig.619. black color. Pénthe obliqudta is distinguished by having 
the scutellum clothed with rust-red hairs (Fig. 610). 
Pénthe pimélia closely resembles this species, except that the scutellum 
is black. 

The family PTINID has been restricted recently to one of the 
subfamilies of the old family Ptinida, which included, in addition to 
the insects now retained in it, those classed in the three following 
families. Inthe Ptinide, as now restricted, the antennz are inserted 
upon the front of the head and rather close together, and the thorax 
is not margined at the sides. Only thirty-seven of our listed speciesare 
retained in this family. They are all small beetles and some of them 
are household pests, infesting stored provisions, clothing, and books. 
The best-known species is Ptinus fur. Thisisareddish brown beetle; in 
the female the elytra are marked with two patches of white hairs. 
It measures from 2.8 mm. to 3.5 mm. 

The family ANOBIID, or the death-watch family, includes a 
large part of the old family Ptinide, there being more than two 
hundred species in our fauna. In this family the antenne are inserted 
on the sides of the head in front of the eyes; the thorax is usually 
margined at the sides; and the tibie are without spurs. These 
beetles are small, and are generally of a cylindrical form, though 
some are broadly oval or nearly globular. They live chiefly on dry 
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vegetable matter and are often found boring in the woodwork of 
buildings. Some are pests in drug-stores and groceries, where they 
infest a great variety of substances both vegetable and animal. 
Among the better-known species are the drug-store beetle, Sitédrepa 
panicea, which not only infests many kinds of drugs but is also some- 
times a pest in groceries where it infests cereals; and the cigarette- 
beetle, Lasiodérma serricérne,which infests dried tobacco and destroys 
cigarettes and cigars by boring holes through them. 

To this family belongs the death-watch, Xestobium rufovillosum, 
which bores in the timbers of buildings and makes a ticking sound by 
striking its head or jaws against the walls of its burrows. This 
sound heard in the night by superstitious watchers by sick-beds has 
been supposed to portend death. 

The family BOSTRICHIDA, or the powder-post beetles, includes 
beetles which are elongate in form; the head is usually deflexed, and 
protected by the thorax, which is then hood-like in form; and the 
first ventral segment of the abdomen is scarcely longer than the 
second. These beetles live almost exclusively in dry wood either in 
cylindrical burrows or beneath the bark. Sometimes they infest 
timbers to such an extent that the wood is largely reduced to powder, 
hence the common name, powder-post beetles. The adult of one 
species, Amphicerus bicaudatus, bores into the living twigs of fruit- 
trees and grape-vines for food, but it breeds in dying wood, such as 
prunings and dying branches. This species is known as the apple-twig 
borer and also as the grape-cane borer. 

The family LYCTIDZ& is composed of a small number of beetles 
which resemble the powder-post beetles in habits. In this family the 
head is prominent and not covered by the prothorax; and the first 
ventral segment of the abdomen is much longer than the second. 
Most of our species belong to the genus Lyctus. 

The family SPHINDID 4 is represented in North America only 
by six small species, which are found in dry fungi which grow on the 
trunks of trees and on logs. 

The family CISID includes very small beetles, rarely exceeding 
3 mm.in length, found under the bark of trees and in the dry and 
woody species of fungi. The body is cylindrical; the prothorax is 
prolonged over the head; the abdomen has five ventral segments, of 
which the first is longer than the others; and the tarsi are all four- 
jointed. There are nearly one hundred species in our fauna. 


Famity SCARABAIDAL 
The Scarabeids or Lamellicorn Beetles 


This very large family is represented in our fauna by nearly one 
thousand species, and includes beetles that exhibit a wide range of 
variation in size, form, and habits. They are mostly short, stout-bodied 
beetles, of which the well-known June-bugs or May-beetles represent 
the most familiar type. The most useful character for distinguishing 
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these insects is the lamellate form of the club of the antennae, the 
segments constituting it being greatly flattened, and capable of being 
brought close together. It is this character that suggests the name 
lamellicorn beetles. In the next family, the Trogide, which has 
recently been separated from this family, the antennz are lamellate. 
The two families can be separated by the fact that in the Scarabeide 
the epimera of the mesothorax extend to the coxa, while in the 
Trogide they do not. 

According to their habits, the members of this family can be 
separated into two well-marked groups—the scavengers and the leaf- 
chafers. 


THE LAMELLICORN SCAVENGERS 


The lamellicorn scavengers in both the larvaland adult states feed 
upon decaying vegetable matter. Nearly all the species live in dung, 
chiefly that of horses and cows; but a few species feed upon fungi. 
The following are the more common representatives of this division. 

I. The tumble-bugs.—These are the most familiar of all dung- 
beetles, for their peculiar habits have attracted much attention from 
the earliest times. They are of rounded form, and the wing-covers 
are shortened so as to expose the tip of the abdomen. ‘They are 
generally black, but some are colored with rich metallic hues. They 
vary greatly in size. 

The name tumble-bug refers to the habit which many species 
exhibit of forming round balls of dung, which they roll long distances 
and then bury. They often work in pairs and it was formerly be- 
lieved that such a pair was a male and a female working together to 
make provision for their progeny; but Fabre found by dissecting the 
beetles that the two members of a pair often proved to belong to the 
same sex; and concluded that the eager fellow-worker, under the 
deceitful pretense of lending a helping hand, nurses the scheme of 
purloining the ball at the first opportunity. 

According to the observations of Fabre (’79 and ’11), the balls 
made early in the year are devoured by the beetles, which bury them- 
selves with them and feed upon them. Later other balls are made and 
buried, upon each of which an egg is laid. The larva hatching from 
this egg feeds upon the ball of dung, and when full-grown transforms 
within the cavity in which the ball was placed. 

This strange habit of rolling these balls has occasioned much 
speculation as to its object, and has been the source of many super- 
stitions, especially in ancient times. The only reasonable theory that 
we have met is that, as many predacious insects frequent the masses 
of dung from which the balls are obtained, in order to prey upon the 
larvee which live there, the more intelligent tumble-bugs remove the 
food for their larve to a safe distance. 


The most noted member of this group of genera is the sacred 
beetle of the Egyptians, Ateuchus sacer. This insect was held in 
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high veneration by this ancient people. It was placed by them in 
the tombs with their dead; its picture was painted on sarcophagi, 
and its image was carved in stone and precious gems. These sculp- 
tured beetles can be found in almost any collection of Egyptian an- 
tiquities. ? 

From the habits and structure of this scarabeid the Egyptians 
evolved a remarkable symbolism. The ball, which the beetles were 
supposed to roll from sunrise to sunset, represented the earth; the 
beetle itself personified the sun, because of the sharp projections on 
its head, which extend out like rays of light; while the thirty segments 
of its six tarsi represented the daysof the month. All individuals of 
this species were thought to be males, and a race of males symbolized 
arace of warriors. This latter superstition was carried over to Rome 
and the Roman soldiers wore images of the sacred beetle set in rings. 


Our common tumble-bugs are distributed among three genera: 
Canthon, Copris, and Phaneus. In the genus Canthon the middle 
and posterior tibize are slender, and scarcely enlarged 
at the extremity. Canthon levis is our most common 
species (Fig. 620). In Copris and Phaneus the 
middle and posterior tibie are dilated at the ex- 
tremity. In Phaneus the fore tarsi are wanting, and 
the others are not furnished with claws; the species 
are brilliantly colored. Phaneus carnifex, with its 
rough copper-colored thorax and green elytra, is one 
of our most beautiful beetles, and is our best-known 
species. It is about 16 mm. in length, and the head of the male is 
furnished with a prominent horn. In Copris all the tarsi are present 
and furnished with claws. Copriscarolinaisa large, well-known species, 
which measures more than 25 mm. in length. 

II. The aphodian dung-beetles —These are small insects, our com- 
mon species measuring from 4 mm. to 8mm. in length. The body is 
oblong, convex, or cylindrical in form, and, except in one small genus, 
the clypeus is expanded so as to cover the mouth-parts entirely. 
These insects are very abundant in pastures in the dung of horses and 
cattle, and immense numbers of them are often seen flying through 
the air during warm autumn afternoons. More than one hundred 
and fifty North American species have been described; of these, one 
hundred belong to the genus Aphdédius. One of the more common 
species is Aphodius fimetarius, which is about 8 mm, in 
length, and is easily recognized by its red wing-covers. 

Ill. The earth-boring dung-beetles.—These beetles 
are of a rounded convex form (Fig. 621). They differ 
from all other dung-beetles in having the antennze 
eleven-jointed, and in the labrum and mandibles 
being visible from above. ‘This is a small group, only 
twenty-two North American species having been de- 
scribed. Thepopularname is derived from that of the 
typical genus, Geotripes, which signifies earth-boring. ‘Those species 
the habits of which are known, live in excrement. The females bore 


Fig. 620. 


Fig. 621. 
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holes into the earth either beneath the dung or near it; into these 
holes they convey a quantity of the dung; this is to serve as food for 
the larve, an egg being laid in each hole. This is an approach to the 
peculiar habits of the tumble-bugs. 


THE LAMELLICORN LEAF-CHAFERS 


The leaf-chafers are herbivorous insects which in the adult state 
usually feed upon the leaves of trees, but many of the species devour 
the pollen and petals of flowers. In 
the larval state some of these insects 
are found in rotten wood; others live 
in the ground, where they feed upon 
the roots of grass and other plants. 
These larve are thick, fleshy grubs, 
with well-developed legs (Fig. 622). 
The caudal segments of the abdomen 
are very large, and appear black on ac- 
count of the large amount of dirt in the 
intestine. The body isstrongly curved, 
? so that the larve can crawl only with 

Fig. 622. great difficulty; when in the ground 
they usually lie on their backs. 

The following groups include the more important representatives 
of this division. 

I. The May-beetles or June-bugs.—During the warm evenings of 
May and June we throw open our windows so that we may feel the 
refreshing coolness of the night air and the inspiration of the new 
summer. Suddenly, as we sit working or reading, our peace is dis- 
turbed by a buzzing object which whirls above us. Then comes a 
sharp thud and silence. A little later the scratching of six pairs of 
tiny claws tells us the whereabouts of the intruder. But so familiar 
are we with his kind that we need not look to know how he appears, 
the mahogany-brown blunderer, with yellowish wings sticking out 
untidily from under his polished wing-covers. 

Although these insects are beetles, and attract 
our attention each year in May, they have received 
the infelicitous title of June-bugs. They are more 
properly termed May-beetles. 

The May-beetles belong to the genus Phylléph- 
aga, of which we have nearly one hundred species. 
The adults frequently do much injury by eating the 
foliage of trees. In the case of large trees this injury A 
usually passes unnoticed; but small trees are often : 
completely defoliated by them. When troublesome, / 
they can be easily gathered by shaking them from 
trees upon sheets. Figure 623 represents a common Pig. 623. 
species. 

The larvee of the different species of May-beetles are commonly 
classed together under the name “‘white-grubs.’’ They are often ereat 


~ COLEOPTERA 519 


pests in meadows and in cultivated fields. We have known large 
strawberry plantations to be destroyed by them, and have seen large 
patches of ground in pastures from which the dead sod could be 
rolled as one would roll a carpet from a floor, the roots having been 
all destroyed and the ground just beneath the surface finely pulver- 
ized by these larvee. No satisfactory method of fighting this pest has 
been discoveredas yet. If swine be turned into fields infested by white- 
grubs they will root them up and feed upon them. We have destroyed 
great numbers of the beetles by the use of trap-lanterns, but many 
beneficial insects were destroyed at the same time. 

II. The rose-bugs——The common rose-bug, Macroddctylus sub- 
spinésus, is a well-known pest. It is a slender beetle, tapering before 
and behind, and measuring 9 mm. in length (Fig. 624). 
It is thickly clothed with fine, yellow, scale-like hairs, which 
give it a yellow color; the legs are long, slender, and of a 
pale red color. These beetles appear in early summer, 
and often do great injury to roses and other flowers, 
and to the foliage of various fruit-trees and shrubs. This 
is a very difficult pest to control. The best method now 
known is to use Paris green when safe to do so; in other 
cases the beetles should be collected by jarring them into 
a large funnel which is fitted intoa can. The larve of rose-bugs feed 
on the roots of plants. 

III. The shining leaf-chafers.—These insects resemble the May- 
beetles in form, but can be distinguished from them by the position 
of the hind pair of spiracles, which are visible on the sides below the 
edges of the wing-covers; and they differ from the other leaf-chafers 
in which the spiracles are in this position in that the tarsal claws are 
of unequal size, one claw of each pair being larger than the other. 
These beetles are usually polished, and many of them are of brilliant 
colors. To this group belong the most beautiful beetles known, 
many appearing as if made of burnished gold or silver, or other metal. 

The goldsmith-beetle, Cotalpa lanigera.—This is 
one of our most beautiful species. It measures from 
20 mm. to 26 mm. in length, and is a broad oval in 
shape. It is of a lemon-yellow color above, glittering 
like burnished gold on the top of the head and 
thorax; the under side of the body is copper-colored 
and thickly covered with whitish wool. 

The spotted pelidnota, Pelidnota punctata.—This 
beetle is reddish brown above, with three black spots 
on each wing-cover and one on each side of the pro- 

Fig. 625. thorax (Fig. 625). The scutellum, base of the head, 

and entire body beneath, are of a deep, bronzed- 
green color. The adult is commonly found feeding on the leaves of 
grape. The larva feeds upon decaying roots and stumps of various 
(GRASS. 

The Japanese beetle, Popillia japénica.—This is a very serious 
pest which feeds in the adult state on the foliage of many cultivated 


Fig. 624. 
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and wild plants, being practically omnivorous, and in the larval state 
feeds on the roots of grasses. It was first observed in this country in 
a limited area in Burlington County, New Jersey, in 1916, and has 
since spread over other counties of this state and into Pennsylvania. 
The adult insect is about the size of the Colorado potato-beetle, but 
slightly longer. The head and thorax are shining bronze-green in 
color, with the wing-covers tan or brownish,tinged with green on the 
edges. Along the sides of the abdomen are white spots, and two very 
distinct white spots at the tip of the abdomen below the wing-covers. 
The larva resembles the larve of May beetles. 

This pest is regarded as of so great importance that a special 
laboratory, ‘“‘The Japanese Beetle Laboratory,”’ has been established 
for investigations regarding it at Riverton, N. J. 

IV. The rhinoceros-beetles—The name _ rhinoceros-beetles was 
suggested for this group by the fact that in many species the male 
bears a horn on the middle of the head. In addition to this horn 
there may be one or more horns on the thorax. These beetles are 
of medium or large size; in 
fact, the largest beetles 
known belong to this group. 
As with the flower-beetles, 
the claws of the tarsi are of 
equal size, but the fore coxze 
are transverse, and not 
prominent. - 

One of the largest of our 
; rhinoceros-beetles is Dynds- 

Fig. 626. tes tityrus. “This is of a 
greenish gray color, with 
scattered black spots on the wing-covers, or, if only recently trans- 
formed, of a uniform dark brown. The male (Fig. 626) bears a 
prominent horn on the top of the head, and a large one and two 
small ones on the prothorax. The female has only a tubercle on the 
head. This insect is found in the Southern States; the larva lives in 
rotten wood. Inthe Far West there is a closely allied species, Dyndstes 
grant, in which the large horn on the thorax is twice as long as in 
D. tityrus. In the West Indies there occurs a species, Dyndstes 
hércules, which measures 150 mm. in length. 

Several other genera occur in this country, in some of which the 
males have prominent horns; in others the horns are represented 
by tubercles, or are wanting. The following species represents the 
latter type. 

‘The sugar-cane beetle, Eucthéola riigiceps — This beetle is a serious 
pest in the cane-fields of Louisiana, and it sometimes injures corn. 
Figure 627 represents the adult, and its method of attacking a plant. 

The flower-beetles —The flower-beetles are so called because 
many of them are often seen feeding upon pollen and flying from 
flower to flower. These beetles are somewhatflattened, or nearly 
level on the back; the claws of the-tarsi are of equal size and the 
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fore coxe are conical and prominent. More than one hundred species 


occur in this country. 

The hermit flower-beetle, Os- 
modérma eremicola.—This is one 
of the larger of our flower-beetles 
(Fig. 628). Itis ofa deep mahog- 
any-brown color, nearly smooth, 
and highly polished. It is 
supposed that the larva lives on 
decaying wood in forest-trees. 


The rough flower-beetle, Os- 
modérma scabra, is closely allied 
to the preceding. It is not quite 
as large, measuring about 25 mm. 
in length. It is purplish black, 
and the wing-covers are rough- 
ened with irregular, coarsely 
punctured strie. It is nocturnal, 
concealing itself during the day in 
thecrevices and hollows of trees. 
The larva lives in the decaying 
wood of apple and cherry, con- 
suming the wood and inducing 
more rapid decay. 

The genus Euphoria repre- 
sents well the form of the more 
typical flower-beetles, which are 
distinguished by the margin of 
each wing-cover having a large, 
wavy indentation near its base, 
which renders 
the side pieces 
of the meso- 
thorax visible 
from above. 
This indenta- 
tion makes it 
unnecessary 
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Fig. 627.—The sugar-cane beetle. 


Fig. 628. 


for these insects to raise or expand their wing- 
covers when flying, as most beetles do, as they 
are able to pass the wings out from the sides. 

The bumble flower-beetle, Euphéria inda.— 
The most common of our flower-beetles, at least 
in the North, is a yellowish brown one, with the 
wing-covers sprinkled all over with small, irregular. 
black spots (Fig.629). Itisone of the first insects 
to appearinthe spring. It fliesnear the surface of 


the ground witha loud humming sound, like that of a bumble-bee, for 
which it is often mistaken. During the summer months it is not seen; 
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but a new brood appears about the middle of September. The adult 
is a general feeder occurring upon flowers, eating the pollen, upon 
corn-stalks and green corn in the milk, sucking the 
juices, and upon peaches, grapes, and apples. Oc- 
casionally the ravages are very serious. 

The green June-beetle or fig-eater, Cétinus nitida.— 
This species extends over the Atlantic slope, and is very 
common in the South. It is a green, velvety insect, 
measuring from 16 mm. to 25 mm. in length. It is 
somewhat pointed in front, and usually has the sides 
of the thorax and elytra brownish yellow. These beetles 
often fly in great numbers at night, making a loud 
buzzing noise similar to that of the May-beetles. In fact, in the 
South the term June-bug is often applied to this insect. The larve 
feed upon the vegetable mold of rich soils; sometimes they injure 
growing vegetables by severing the roots and growing stalks; but the 
chief injury is due to the upheaval of the soil around the plants, 
which disturbs the roots; the larve are also often troublesome on 
lawns and golf greens by making little mounds of earth on the surface. 
Sometimes they leave the ground and crawl from one place to another. 
When they do so, they, strangely enough, crawl upon their backs, 
making no use of their short legs. On one occasion we saw them crawl- 
ing over the pavements on the Capitol grounds at Washington in 
such numbers that bushels of them were swept up and carted away. 
The adults frequently attack fruit, especially figs, grapes, and peaches. 


Fig. 629. 


Famity TROGIDA 


The Skin-Beetles 


This is a small family, which is represented in this country by 
twenty-five species. Until recently these insects were included in the 
preceding family; they can be distinguished from scarabeids by the 
fact that the epimera of the mesothorax do not extend to the cox 
as they do in the Scarabeidz. The members of this family are 
oblong, convex species, in which the surface of the body and wing- 
covers is usually very rough, and covered with a crust of dirt, which 
is removed with great difficulty. They are small or of 
medium size; our most common species measure from 
8 mm. to 12 mm. in length. The abdomen is covered 
by the elytra; the feet are hardly fitted for digging, but 
the femora of the front legs are greatly dilated. 

These beetles feed upon dried, decomposing animal 
matter; many species are found about the refuse of : 
tanneries, and upon the hoofs and hair of decaying Fig. 630. 
animals. 

Except a few species found in the Far West, all of our species 
belong to the genus Trox (Fig. 630). 
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Famity LUCANIDA 


The Stag-Beetles 


The stag-beetles are so called on account of their large mandibles 
which in the males of some species are branched like the antlers of 
a stag. They and the members of the following family are dis- 
tinguished by the form of the club of the antennz, which is composed 
of flattened plates; but these plates are not capable of close appo- 
sition, asin the antenne of the lamellicorn beetles. In the stag-beetles 
the mentum is not emarginate and the ligula is covered by the 
mentum or is at its apex. 

The adult beetles are found in or beneath decaying logs and 
stumps. Some of them are attracted, at night, to lights. They are 
said to live on honeydew and the exudations 
of the leaves and bark of trees, for procur- 
ing which the brushes of their jaws and lips 
seem to be designed; but it seems probable 
that some species, at least, feed upon de- 
composing wood. They lay their eggs in 
crevices of the bark of trees, especially near 
the roots. The larve feed upon juices of 
wood in various stages of decay. They re- 
semble the well-known larve of May-beetles. 


The family is a small one; only thirty 
North American species are now known. 

The common stag-beetle, Lucanus dama. 
—The most common of our stag-beetles is 
this species (Fig. 631). It flies by night 
with a loud buzzing sound, and is often 
attracted to lights in houses. The larva is a large, whitish grub re- 
sembling the larvee of the lamellicorn beetles. It is found in the 
trunks and roots of old, partially decayed trees, especially apple, 
cherry, willow, and oak. The specimen figured here is a male; in 
the female the mandibles are shorter. 

The giant stag-beetle, Lucanus élaphus, is a large 
species found in the South. It measures from 35 mm. 
to 50 mm. in length, not including the mandibles, 
which in the case of the male are more than half as long 
as the body, and branched like the antlers of a stag. 

The antelope-beetle, Dércus parallélus.—This beetle 
is somewhat smaller than the species of Lucanus, and 
: differs in having the wing-covers marked with longi- 

Fig. 632. tudinal strice and the teeth on the outside of the fore 
tibiae much smaller (Fig. 632). 

Several species of stag-beetles that are much smaller than Dorcus 

are found in this country. 


Fig. 631. 
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Famity PASSALIDA 


The members of this family resemble the stag-beetles in the form 
of the antennz, but differ in that the mentum is deeply emarginate, 


with the ligula filling the emargination. 

A single, widely distributed species is found in 
the United States; this is the horned passalus, 
Passalus cornitus (Fig. 633). It isa large, shining, 
black beetle, with a short horn, bent forwards, on 
the top of the head. This beetle and its larva are 
found in decaying wood. The larva appears to 
have only four legs, the hind legs being shortened 
and modified so as to form part of a stridulating 


Fig. 633. 


organ. See Figure 1o1, page 89. 

The beetles of this genus are common through- 
out the tropics of both hemispheres. According 
to the observations of Ohaus, which have been 
confirmed by Professor Wheeler (’23), these beetles 


are social. They form colonies, consisting of a male and female and 
their progeny, and make large, rough galleries in rather damp, rotten 
logs. The parent beetles triturate the rotten wood and apparently 
treat it with some digestive secretion which makes it a proper food 
for the larvee, since their mouth-parts are too feebly developed to 
enable them to attack the wood directly. All members of the colony 


are kept together by 
stridulatory signals. The 
stridulatory organ of the 
adult consists of patches 
of minute denticles on 
the dorsal surface of the 
abdomen, which may be 
rubbed against similar 
structures on the lower 
surface of the wings. 


FAMILY 
CERAMBYCIDA 


The Long-horned Beetles 
or Cerambycids 


This is a very large 
family, there being more 
than eleven hundred de- 
scribed species in North 
Americaalone. Asarule 
the beetles are of medium 


A B E 
Fig. 634.—Tarsi of Phytophaga: A, typical; B 
Spondylis; C, Parandra. : 


or large size, and graceful in form; many species are beautiful in color. 


The body is oblong, often cylindrical. 


The antenne are long, often 
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longer than the whole body; but except in one genus, Prionus, they 
are only eleven-jointed, as with most beetles. The legs are alsolong, 
and the tarsi are apparently four-jointed, the fourth segment being 
very small and hidden; the third segment of the tarsi is strongly 
bilobed (Fig. 634). 

They are strong flyers and swift runners; but many of them 
have the habit of remaining motionless on the limbs of trees for 
long intervals, and when in this apparent trance they suffer 
themselves to be picked up. But, when once caught, many species 
make an indignant squeaking by rubbing the prothorax and meso- 
thorax together. 

The larve are borers, living within the solid parts of 
trees or shrubs, or beneath bark. They are white or yel- 
lowish grubs. The body is soft, and tapers slightly from 
head to tail (Fig. 635); the jaws are powerful, enabling 
these insects to bore into the hardest wood. The larval 
state usually lasts two or three years. The pupa state is 
passed within the burrow made by the larva; frequently 
a chamber is made by partitioning off a section of the 
burrow with a plug of chips; but sometimes the larva builds a ring 
of chips around itself just beneath the bark before changing to 
a pupa. The pupal state is comparatively short, lasting only a few 
days or weeks. 

This family comprises three subfamilies, which are separated by 
LeConte and Horn as follows: 


A. Sides of the prothorax with a sharp margin. p. 525............. PRIONINA 
AA. Prothorax not margined. 
B. Front tibiz not grooved; palpi never acute at tip. p.526.CERAMBYCINA 


BB. Front tibiz obliquely grooved on the inner side; palpi with the last 
segment cylindrical and pointed. p. 528............... LAMIINAS 


SuBFAMILY PRIONINA® 


The Prionids 


The larger of the long-horned beetles constitute this subfamily. 
They are distinguished from other cerambycids by having the sides 
of the prothorax prolonged outwards into a thin margin, which is 
more or less toothed. The wing-covers are usually leathery in ap- 
pearance, and of a brownish or black color. The following are our 
best-known species. 

The aberrant long-horned beetles.—The beeties of the genus Pa- 
randra exhibit some striking differences from the more typical ceramby- 
cids, and were formerly placed in a separate family, the Spondylide; 
but they are now included in the Cerambycidz. There are only four 
North American species of this genus. These live under bark of pine 
trees. The fourth segment of the tarsus, although much reduced in 
size, is distinctly visible; the first three segments are but slightly di- 
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lated, and the third is either bilobed or not (Fig. 634, C). Theseg- 
ments of the antennz have deep impressions, in which are situated 
the organs of special sense (Fig. 636). The 
most common species is Pardndra briinnea (Fig. 
637); this insect is of a mahogany-brown color, 
and measures from 9 mm. to 18 mm. in length. 

The broad-necked prionus, Pridnus laticolls. 
—This is the largest of our common species; 
but the individuals vary from 22 mm. to 50 mm. 
in length. It is of a pitchy-black color, and of 
the form shown in Figure 638. The antenne 
; are twelve-jointed in both sexes. The larva is 
Fig. 636. a large, fleshy grub, and infests the roots of grape, 

apple, poplar, and other trees. 

The tile-horned prionus, Pridnus imbricornis, is very similar to 
the preceding species but can be distinguished at a glance by the 
form of the antennez. In the antennz of 
the male the number of segments 
varies from eighteen to twenty, while in 
the female the number varies from sixteen 
to seventeen. The popular name refers 
to the fact that the segments of the an- 
tennze of the male overlap one another 
like the tiles on a roof. The larva infests 
the roots of grape and pear, and also feeds 
upon the roots of herbaceous plants. 

The straight-bodied prionid, Deré- 
brachus brtinneus, is also a common spe- 
cies. The body is long, narrow, and some- 
what flattened; it measures from 25 mm. 
to 35 mm. in length, and is of a light 
brown color. The prothorax is short, and 
is armed on each side with three sharp 
spines. The sides of the wing-covers are 
very nearly parallel; this suggests the common name. The adult flies 
by night, and is often attracted to lights; the larva is supposed to 
infest pine. 


elles 


Fig. 637. 


Fig. 638. 


SUBFAMILY CERAMBYCINZ& 
The Typical Cerambycids 


In this subfamily the prothorax is rounded on the sides, the tibia 
of the fore legs arenot grooved, and the palpiare never acute at the tip. 
There are nearly four hundred American species, representing more 
than one hundred genera. The few species mentioned below are those 
that the beginning student is most likely to meet. 

The ribbed pine-borer, Khagium linedtum.—This is a gray beetle 
mottled with black, and has a narrow thorax, with a spine on each 


side (Fig. 630). 
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It received its name because of the three ridges 


extending lengthwise on each wing-cover. Its larva bores in the 


wood of pine-trees. 


On one occasion the writer found 
many of them in a pine-tree eight inches in diameter, 
which they had bored through and through. When the 
larva is full-grown it makes a hole nearly through the 
thick bark of the tree, so that it may easily push its 
way out after its transformations; it then retreats a 
short distance and makes a little ring of chips around 
itself, between the bark and the wood, and changes to a 


pupa within this rude cocoon. The adult beetle re- Fig. 639. 
mains in this pupal cell through the winter. 

_ The cloaked knotty-horn, Desmécerus palliatus.—This beautiful 
insect is of a dark blue color, with greenish reflections. The basal 


Fig. 640. 


part of the wing-covers is orange-yellow, 
giving the insect the appearance of having 
a yellow cape thrown over its shoulders 
(Fig. 640). The segments in the middle of 
the antenne are thickened at the outer end, 
so that they look like a series of knots. 
The adult is quite common in June and July 
on elder, in the pith of which the larva bores. 

The beautiful maple-borer, Glycdbius 
speciosus.—This is a handsome insect, 
marked with black and yellow, as indicated 
in Figure 641. It lays its eggs in midsum- 


mer on the trunks of sugar-maples, in the wood of which the larve 
bore. If an infested tree be examined in the spring the presence of 


Fig. 641. 


these borers can be detected by 
the dust that falls from the bur- 
rows. The larve can be de- 
stroyed at this time by the use of 
a knife and a stiff wire. 

The locust-borer, Cylléne ro- 
bine.—To the enthusiastic ento- 
mologist the goldenrod is a rich 
mine, yielding to the collector 
more treasures than any other 
flower. It gives up its gold-dust 
pollen to every insect-seeker; and 


Fig. 642. 


because of this generous attitude to all comers 
it is truly emblematic of the country that has 


chosen it as its national flower. 


Among the insects that revel in this golden 
mine in the autumn is a black beetle with numerous transverse or 
wavy yellow bands (Fig. 642). This beetle is also found on locust- 
trees, where it lays its eggs. The larve bore under the bark and into 
the hard wood; they attain their growth in a little less than a year. 

The locust-trees have been completely destroyed in some localities 
by the depredations of these larvae. 
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The painted hickory-borer, Cylléne carye —This beetle resembles 
the preceding so closely that the same figure will represent either. 
But the hickory-borer not only infests a different kind of tree, ‘but 
appears in the spring instead of the autumn. In this species the 
second segment of the hind tarsus is densely pubescent beneath, 
while it is glabrous in the locust-borer. 

The oak-pruner, Hypermdllus villosus—The work of this insect 
is much more likely to attract attention than the insect itself. Fre- 
quently, in the autumn, the ground beneath oak-trees, and sometimes 
beneath apple-trees also, is strewn with small branches that have 
been neatly severed from the trees as if with a saw. These branches 
are sometimes nearly 25 mm. in diameter, and have been cut off by 
the larva of a beetle, which on account of this habit is called the oak- 
pruner. The beetle lays each of its eggs in a small twig. The larva 
eats out the inside of this twig, and works down into a larger branch, 
following the center of it towards the trunk of the tree. When full- 
grown the larva enlarges the burrow suddenly, so as nearly tosever 
the branch from the tree, leaving only the bark and a few fibers of 
wood. It then retreats up its burrow a short distance, and builds a 
plug of chips below it. The autumn winds break the branch from 
the tree. The larva remains in its burrow through the winter, and 
undergoes its transformations in the spring. No one has explained 
its object in severing the branch. The adult isa plain, brownish gray 
beetle. Whenever it becomes abundant its increase can be checked 
by gathering the fallen branches in the autumn and burning them 
before the beetles have escaped. 


SUBFAMILY LAMIINA® 
The Lamiids 


As in the preceding subfamily, the prothorax is rounded with these 
beetles; but the lamiids 
are distinguished by hav- 
ing the fore tibiz oblique- 
ly grooved on the inner 
side, and the last segment 
of the palpi cylindrical 
and pointed. The follow- 
ing are some of the more 
important species. 

The sawyer, Moné- 
chamus notatus.—This 
beautiful brown and gray 
beetle is about 30 mm. 
long, with antenne aslong 
as the body in the case of 
the female and twice as 
gee long in the case of the 


male (Fig. 643). The 
larva bores in the sound wood of pine and of fir, pe annie he full- 
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grown, a hole r2 mm. in diameter. The pupa state is passed within 
the burrow. It sometimes occurs in such numbers as to kill the 
infested trees. 


__ The rounded-headed apple-tree borer, Sapérda céindida.—Except- 
ing the codlin-moth, which infests the fruit, this is the worst enemy of 
theapplethatwehave. Itscommonnameis used to distinguish it from 
the flat-headed apple-tree borer, already described, the larva of this 
species being nearly cylindrical in form (Fig. 635). The eggs are laid 
on the bark at the base of the tree late in June or July. The larva 
at first bores in the soft sap-wood, making a disk-shaped mine; 
after this it works in an upward direction 
in the harder wood, and at the close of its 
larval existence comes to the surface sev- 
eral inches above the place it entered. 
Itrequires nearly three years for this larva 
to attain its growth; it changes toa pupa, 
near the upper end of its burrow, about 
the middle of May, and emerges as a 
beetle in June. The beetle (Fig. 644) is 
of a pale brown color above, with two 
broad white stripes extending the whole 
length of the body. Although the larva 
is found chiefly in apple, it infests many 
other trees. The presence of the borers can be detected by the saw- 
dust-like castings which the larve throw out at the entrances of their 
burrows. 


The two-spotted oberea, Obérea bimaculata, is sometimes a serious 

pest, boring in the canes of blackberry and raspberry. The larva 

resembles that of the preceding 

species. The adult (Fig. 645) is 

about 12 mm. in length and of a 

deep black color, except the protho- 

rax, which isyellow. Thereare usu- 

ally two or three black spots on the 

pronotum, but frequently these are 

: ¥ ; wanting. 

praess, series By cutting and burning all the 

canes after the crop has been picked, the borers in them can be 
destroyed. 


The red milkweed-beetles, Tetraépes.—There are several species 
of bright red beetles that are common on milkweeds (Asclepzas). 
These belong to the genus Tetraopes. Our most common species 
(Fig. 646) is T. tetraophthalmus. In this species there are four black 
spots on each wing-cover, and the antennz are black and not ringed 
with a lighter color. The larva bores in the roots and the lower parts 
of the stems of milkweeds. 
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Famity CHRYSOMELIDAi 
The Leaf-Beetles or Chrysomelids 


The leaf-beetles are so called because they feed upon the leaves of 
plants both as larve and adults. They are usually short-bodied, and 
more or less oval in outline; the antenne are usually of moderate 
length; and the front is not prolonged into a beak. ‘The legs are usu- 
ally short, and are furnished with tarsi of the same type as those of 
the preceding family (see Fig. 634, p. 524). 

Although we are unable to cite any characteristic that will in- 
variably distinguish these beetles from the preceding family, the 
student will rarely have any difficulty in making the distinction. 
The beetles of the genus Dondcia, described below, are the only 
common ones that are liable to be misplaced. In other cases themore 
or less oval form of the body, and the comparatively short antenne, 
and the leaf-feeding habits, will serve to distinguish the chrysomelids. 

The leaf-beetles are nearly all comparatively small, the Colorado 
potato-beetle being one of our larger species. 

The eggs are usually elongated and yellowish, and are laid upon 
the leaves or stems of the plants upon which thelarvefeed. Many 
of the larve live exposed on the leaves of plants; others that live in 
similar situations cover themselves with their excrement; some are 
leaf-miners; and a few, as the striped squash-beetle, bore in the roots 
or stems of plants. 

This is a large family, of which nearly one thousand North Ameri- 
can species are known. The following illustrations will serve to show 
the variations in form and habits. 

The long-horned leaf-beetles, Dondcia.—These are the common 
leaf-beetles that are liableto bemistaken forcerambycids. They areof 
elongated form, with slender antennze (Fig. 647). They measure 
from 6 mm. to 12 mm. in length, and are of a metallic color 
—either greenish, bronze, or purplish. The lower side of 
the body is paler and is clothed with very fine hair which 
serves as a water-proof coat when the insect is submerged. 
The larvee feed upon the roots or in the stems of aquatic 
plants; and the adults are found on the leaves of the same 

Fig.647. plants. We have many species, but they resemble one 
another so closely that it is difficult to separate them. 

The three-lined lema, Léma trilinedta.—This insect is common, 
feeding on the leaves of potato. The beetle is 6mm. long, yellow, with 
three black stripes on the wing-covers. The eggs are usually laid in 
rows along the midrib on the lower side of the leaves. The larvze 
feed on the leaves, and can be easily recognized by a habit they have 
of covering their backs with their own excrement. They transform 
in the ground in earthen cells. There are two broods each year: 
the second hibernates in the ground as pupe. 

The asparagus-beetle, Cridceris aspdragi.—This is a small red, 
yellow, and black beetle, that gnaws holes into the heads of young 
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asparagus, and lays oval, black eggs upon them. The larvee, which 
are small, brown, slug-like grubs, also feed upon the young heads in 
the spring, and later in the season a second 
brood feed upon the full-grown plant. Figure 
648 represents a head of asparagus bearing the 
eggs of this beetle, also a beetle and a larva 
enlarged. The beetle measures about 6 mm. 
in length. When this pest occurs, care should 
be taken to destroy all wild asparagus. This 
will force the beetles to lay their eggs upon the 
shoots that are cut for market. The larve 
hatching from such eggs will not have a chance 
to mature. 
_ The grape root-worm, Fidia longipes.—This 
insect is the most destructive enemy of the 
grape occurring east of the Rocky Mountains. 
The adult is a small, grayish brown beetle, 
measuring about 6 mm. in length. It feeds on 
the leaves in July, eating out characteristic 
chain-like holes. The eggs are laid beneath the 
loose bark of the vines. On hatching, the larve 
drop to the ground and burrow down to the 
roots, which they destroy, causing the death of the vine. Most of 
the larve do not transform till the following spring. The best means 
of fighting this pest is to poison the beetles while they are feeding on 
the leaves, and before they lay their eggs, by the use of a spray made 
by dissolving six pounds of arsenate of lead in too gallons of water. 

The Colorado potato-beetle, Leptinotdrsa decemlineata.—A good 
many insect tramps have come to us from Europe and from Australia, 
and appropriated whatever pleased them of our grow- 
ing crops or stored grain. But two of our worst insect 
pests have swarmed out on us in hordes from their 
strongholds in the region of the Rocky Mountains. 
These are the Rocky Mountain locust and the Colorado 
potato-beetle (Fig. 649). The latter insect dwelt near 
the base of the Rocky Mountains, feeding upon the 
sand-burr (Solanum rostratum), until about the year 
1859. At that time it began to be a pest in the potato-fields of the 
settlers in that region. Having acquired the habit of feeding upon 
the cultivated potato, it began its eastward march across the conti- 
nent, spreading from potato patch to potato patch. At first the 
migration took place at about the rate of fifty miles a year, but later 
it wasmore rapid; and in 1874 the insect reached the Atlantic Coast. 

The adult beetles hibernate in the ground; they emerge early in 
April or May, and lay their eggs on the young potato plants as soon 
as they appear; both Jarve and adult beetles feed on the foliage of 
the potato. The larve enter the ground to transform. ‘This pest is 
usually controlled by the use of Paris green. 

Labidoméra clivicéllis —This species is closely allied to the Colorado 
potato-beetle and resembles it in size and form. It is of a deep blue 
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color, except the wing-covers, which are orange, with three dark-blue 
spots on each (Fig. 650). There is considerable variation 
in the size and shape of these spots; frequently the two 
near the base of the wing-covers are joined so as to make 
a continuous band extending across both wing-covers. 
The larva feeds on milkweed (Asclepias). 


Fig. 650. The diabroticas.—Several very important pests belong 
to the genus Diabrética. In the East they are known as 
cucumber-beetles; but on the Pacific Coast, where they are more 
feared on account of their injuries to fruit and fruit-trees, they are 
commonly called the diabroticas. They are chiefly greenish yellow 
beetles, marked with black stripes or spots. The striped diabrotica, 
D.vittata, has two black stripes on each wing-cover. The adult feeds 
on the leaves of cucumber, squash, and melon; and the larva, which 
is aslender, worm-like creature, bores in the stems and roots of the 
same plants. The twelve-spotted diabrotica, D. duodecimpunctata, 
and Diabrética séror, agree in having six black spots on each wing- 
cover. The former is very common in the East; the latter occurs on 
the Pacific Coast, and is the most destructive of all of the diabroticas. 
Diabrotica longicérnis is a green species, which feeds on the pollen 
and silk of corn and on the pollen of other plants. Its larva is known 
as the corn root-worm; it is very destructive to corn in the Mississippi 
Valley.. Its injuries are greatest where corn is grown on the same 
land year after year; hence a rotation of crops should be practised 
where this pest is troublesome. The other species of Diabrotica 
mentioned above are difficult to combat, as the leaves of cucumber, 
melon, and squash are very apt to be injured by the use of arsenical 
poisons. The most practicable way of protecting these vines is to 
cover them while young with frames covered with netting. Where 
they infest fruit-trees they can be fought with Paris green; but this 
poison must be used with great care on such trees as prune and 
apricot. Squashes should not be grown in orchards, as is sometimes 
done in California. 


The flea-beetles.—There is a group of leaf-beetles, of which we 
have many species, in which the hind legs are fitted for leaping, the 
thighs being very large. These are commonly called the 
flea-beetles. 


The striped flea-beetle, Phyllotréta vittdta, is exceed- 
ingly common on cabbage, turnip, radish, mustard, and 
allied plants. It isa small, black, shining beetle, with a 
broad, wavy, pale, dull yellow stripe upon each wing- 
cover (Fig. 651); it measures about 2.5 mm. in length. ‘ 
These beetles eat numerous little pits in the thicker Fig. 651. 
leaves that they infest, and minute perforations in the 
thinner-leaved plants. The larva is a slender, white worm, about 8 
mm. in length; it feeds on the roots of the plants infested by the adult. 
The adult beetles can be destroyed with kerosene emulsion. 
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The cucumber flea-beetle, Epitrix cucumeris, is a common pest 
of melon and cucumber vines; it also attacks the leaves of 
potatoes, 
raspberry, 
GALT is, 
cabbage, 
and other | 
pla-n tse 
This is a 
minute 
black spe- 
cies, meas- 
uring less : 
fete mm. Fig. 653. 
in length. The body is finely 
punctured and clothed with a 
whitish pubescence; there is a deep 
transverse furrow across the hind 
part of the prothorax; the antennz are 
dull yellow, and the legs are of the same 
hue, except the posterior femora, which are 
brown. The adult beetles feed on the leaves 
of plants in the same manner as the preced- 
ing species; and the larve on the roots of 
the infested plants. 

The grape flea-beetle, Hdltica chalybea. 
—This is a larger species than the two pre- 
ceding, measuring from 4 mm. to s mm. in length, 
and is of a dark, steel-blue color. It is a great pest 
in vineyards, eating into the buds of grape in early 
spring, and later gnawing holes in the leaves (Fig. 
652). In May and June the brown, sluggish larve 
may also be found feeding upon the surface of the 
leaves. The full-grown larva is chestnut brown 
marked with black spots (Fig. 653). It drops to the 
ground and makes a cell in the earth in which it 
transforms. The most important injury caused by 
this pest is the destruction of buds in early spring, 
which causes a great loss of foliage and fruit. This 
pest is most easily controlled by spraying the vines with an arsenical 
poison between the middle of June and the middle of July, while the 
larve are feeding on the leaves. 

The wedge-shaped leaf-beetles.—These insects are characterized by 
the peculiar form of the body, which is narrow in front and broad 
behind. In most of the species the body is much roughened by deep 
pits, and usually the pits on the wing-covers are in regular rows. 
These insects and the tortoise-beetles differ from other leaf-beetles 
in having the fore part of the head prominent, so that the mouth 
is confined to the under surface. Some of the larvee feed externally 
upon the leaves and bear a parasol composed of their excrement; 


oO 


Fig. 652. 
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other species are leaf-miners. Baliésus rubra is a good representative 

of this group (Fig. 654). It varies in length from 3 mm. to 5 mm. 
It is of a reddish color, with the elevated portions of 
the elytra more or less spotted with black. The larva 
mines in the leaves of apple, forming a blotch-mine; 
the transformations are undergone within the mine. 

We have also found this species mining the leaves of 
basswood in great numbers. 


The tortoise-beetles—Among the more beautiful 
Coleoptera are certain bright golden, green, or irides- 
cent beetles found on the leaves of sweet potato, 
morning-glory, nettle, and other plants. In these beetles the body is 
flattened below and convex above; the head is nearly or quite con- 
cealed beneath the prothorax; and the margins of the prothorax and 
elytra are broadly expanded, forming an approximate- 
ly circular or oval outline, and suggesting a resem- 
blance to the shell of a tortoise (Fig. 655). Not all 
of the species are iridescent; and in the case of those 
that are, the brightness of the colors is said to de- 
pend on the emotions of theinsect. What a beautiful 
way to express one’s feelings—to be able to glow like 
melted gold when one is happy! Unfortunately for 
the beauty of our collections, these bright colors disappear after the 
death of the insect. 


The larve of the tortoise-beetles are flattened, and have the margin 
of the body fringed with spines. At thecaudalend of the body thereisa 
forked appendage which serves a very strange purpose. This fork 
is bent forward over the back, and to it are attached the cast-off 
skins of the larva and its excrement; these constitute a parasol. 
When about to change to the pupa state these larvee fasten the caudal 
end of the body to the under side of a leaf; the skin then splits open, 
and is forced back to this end of the body, where it remains. 


Fig. 654. 


The one-dotted or five-dotted tortoise, Physondta unipunctata.— 
The largest of our bright-colored tortoise-beetles is common in mid- 
summer, feeding on the leaves of wild sunflower. It measures from 
g to 12 mm. in length, and is yellow, with the margins whitish. 
On the prothorax there are five black dots—two close together in 
front, and three more widely separated behind. Sometimes all but 
one of these dots are wanting. It was this form that was first de- 
scribed, hence the name unipunctata. We have found the larve abun- 
dant in July on the same plant with the adults. 


The milkweed-tortoise, Chelymérpha cassidea, is a large, brick 
red species, which measures from 9 mm. to 12 mm. in length, and has 
the prothorax and wing-covers marked with many black spots. This 
species feeds on milkweed (Asclepias) and various other plants. 
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Famiry MYLABRIDA 
The Pea-Weevil Family 


These are small beetles, the larve of which live in the seeds of 
leguminous plants. The head of the adult is prolonged into a broad 
beak; and the wing-covers are rather short, so that the tip of the 
abdomen is always exposed (Fig. 656). This is a compara- 
tively small family; ninety-three species are listed in our 
fauna, of which eighty-one belong to the genus Mylabris. 

The pea-weevil, Mylabris pisorum.— ‘Buggy peas” are 
well known in most sections of our country; but just how 
the “‘bugs”’ find their way into the peas is not so generally 
understood. The eggs of the pea-weevil are laid upon the 
pod while the peas are quite small; when the larve hatch Fig. 656 
they bore through the pod into the young peas. Here they > 
feed upon the substance of the seed, which ripens, however, 
and in some cases will germinate when planted. The larva before 
transforming eatsa circular hole on one side of the seed, leaving only 
a thin scale, which is easily pushed away by the mature beetle. The 
adult is about 5 mm. in length; it is dark brown, with a few white 
spots on the wing-covers, and one on the prothorax near the middle. 
Sometimes the beetles leave the peas during the autumn or winter; 
but as a rule they remain in the seed till spring, and are often planted 
with it. Seed peas should be placed in water, and the infested ones, 
which will float, should be picked out and destroyed. This species 
is not known to oviposit on dry peas. 

This and other grain-infesting insects can be destroyed by placing 
the grain in a closed receptacle with a small quantity of bisulphide 
of carbon. 

The bean-weevil, Mylabris obtéctus.—This species resembles the 
preceding quite closely; but it is a little smaller (Fig. 656), and lacks 
the whitemarkings characteristic of M. pisorum. Itinfests beans, and 
often several individuals inhabit asinglebean. The eggs are laid within 
the pod, being pushed through a slit which the female gnaws through 
the pod. This species will oviposit on dry beans, peas, and other 
grain, and will continue to breed for many generations in stored beans 
and peas. 


SERIES VII.—THE RHYNCHOPHORA* 


The six families included in this series constitute a well-marked 
division of the order, which has long been known as the Rhynchophora 
or snout-beetles. These names were suggested by the fact that in 
many of these insects the head is prolonged so as to form a snout or 
beak; but it should be remembered that, while these names are very 
appropriate for a large part of this series, in some members of it the 
head is not thus prolonged. This is especially true of the last two 


*Rhynchéphora: rhynchos (New Latin), snout; phoros (pédpos), bearing. 
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families, the bark-beetles and timber-beetles, in which the beak is 
either wanting or extremely short and broad. VA 

The most distinctive features characterizing this series of families 
are the following: the suppression of the gula, the gular sutures being 
confluent (Fig. 657, gs); the absence of sutures 
between the prosternum and the episterna and 
epimera; the meeting of the epimera of the pro- 
thorax on the middle line behind the prosternum 
(Fig. 657, em); and the palpi being usually short 
and rigid. 

A volume entitled ““Rhynchophora or Weevils 
of North Eastern America’ was published by 
W.S. Blatchley andC. W. Lengin 1916. This work 
includes descriptions of the then known species 
found in this region, with analytical keys, and 
many figures. 


Famity BRENTIDA 


The Primitive Weevtls 


Fig. 657. 


This family is confined chiefly to tropical re- 
gions; only six species are found in the United States, and but one of 
these in the North. 

The northern brentid, Ezpsalis minata.—In the female the head 
is prolonged into a slender snout; but in the male the snout is broad 
and flat, and is armed with a pair of powerful jaws 
(Fig. 658). These are weapons of offence, for the males 


fight desperately for their mates; and too, the males \( 
are generally larger thanthe females. In these respects 
‘these insects resemble the stag-beetles, the males of 
g 


which also fight for their mates. 
The northern brentid is found beneath the bark 
of recently felled or dying oak, poplar, and beech trees, ‘ 
in the solid wood of which the larve bore; and is Fis. 658. 
widely distributed over the United States and Canada. 


Famity PLATYSTOMIDA:* 
The Fungus Weevils 


This femily includes a small number of snout-beetles in which the 
beak is short and broad, and the labrum is present; the antennz 
are not elbowed, and the terminal segments rarely form a compact 
club; the palpi are flexible; and the prothorax bears a transverse 
elevated ridge at or near its base. 

The larvee of many species infest woody fungi, others breed in the 
smut of corn and wheat, and still others bore in dead wood. The 


*This family is the Anthribide of many authors. 
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larvee of one cosmopolitan species, known as the coffee-bean weevil, 
Areéocerus fasciculatus, attack seeds of various plants. 

Sixty-two species of this family are known to occur in America 
north of Mexico. 


Famity BELIDZ 


The New York Weevil 


The family Belidz is represented in our fauna by a single species, 
the N ew York weevil, [thycerus noveboracénsis. This isa large species, 
measuring from 12mm. to18mm.inlength. It is black, rather sparse- 
ly clothed with a mixture of ash-gray and pale brown prostrate hairs 
which give it a black-spotted appearance. The beak is short and broad. 
The mandibles are prominent, not very stout, and emarginate at the 
tip, with an inferior cusp. The antennz are not elbowed; the first 
segment is longer than the second; and the terminal segments form 
a small, oval club. 

This species breeds in the twigs and tender branches of oak, hick- 
ory, and possibly other forest trees. The adult beetles appear in early 
spring, and sometimes do much damage to fruit-trees by eating into 
buds, and gnawing the tender bark on new growth. They can be 
caught by jarring them on to sheets or by the use of a plum-curculio 
catcher. 

Famity CURCULIONIDA 


The Curculios or Typical Snout-Beetles 


The Curculionide is a very large family; it is represented in 
America north of Mexico by more than eighteen hundred species; 
toit belong four-fifths of all our Rhynchophora. This family includes 
the typical snout-beetles, the head being prolonged into a well-defined 
beak, which is usually long and curved downward. 

The family Curculionide is divided into thirteen subfamilies; 
but several of these are very small. The seven subfamilies mentioned 
below will serve to illustrate the more important variations in 
structure and in habits, and they include the more important species 
from an economic standpoint. 

The subfamily RHINOMACERIN&, or pine-flower snout-beetles, in- 
cludes a small number of snout-beetles in which the elytra have no fold 
on the lower surface near the outer edge, and in which the labrum is 
distinct. The head is prominent, not deflexed; the snout is as long 
as the prothorax, rather flat, narrowest about the middle, wider at 
base and tip; the elytra are rounded at the tip, and entirely cover 
theabdomen. These beetles infest the staminate flowers of coniferous 
trees, in which the eggs are laid. Six species are found in our fauna. 

The subfamily RHyNCHITIN#, or toothed-nose snout-beetles, in- 
cludes snout-beetles in which the elytral fold is feeble, the labrum 
is wanting, and the mandibles are toothed on both the outer and 
the inner side. The mandibles can be spread widely, and when closed 
the outer tooth at the end of each projects forward so that two small, 
acute teeth seem to project from the mouth. 
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The most common member of the family is Rhynchites bicolor 
(Fig. 659). This is red above except the snout, and black below; 
the body, not including the snout, is about 6 mm. long, 
the snout is half that length. The adults are often abun- 
dant on wild roses, and less frequently on cultivated roses. 
The larve infest the hips of roses. 


es 


Fig. 659. ; nee: 
sie The subfamily ATTELABIN#, or leaf-rolling weevils, is 


composed of beetles which have neither an elytral fold nor a labrum, 
and in which the mandibles are flat, pincer-shaped, and toothed on the 
inner side. The elytra do not entirely cover the abdcmen, and each is 
separately rounded at the tip. Only five species are known from this 
country; all of these belong to the genus Attélabus. The females pro- 
vide for their young in a very remarkable way. They make 
compact thimble-shaped rolls from the leaves of trees 
(Fig. 660), and lay a single egg in each. The larve feed 
on the inner parts of these rolls, and when full-grown enter 
the ground to transform. Sometimes these rolls are found 
hanging by a narrow piece to the leaf from which they 
were made, and sometimes they are found lying on the Fig. 660. 
ground separated from the leaf. 


_ The subfamily CyLapin# is represented in Florida, Louisiana, and 
Texas by a single species, the sweet-potato root-borer, Cylas formica- 
rius. ‘This beetle is somewhat ant-like in form; this fact suggested 
the specific name. It is about 6 mm. long; the color of the eltyra, 
head, and snout is bluish black, that of the prothorax reddish brown. 
Both larvee and adults bore into the stems and tubers of the sweet 
potato, and sometimes do very serious damage. This species was 
formerly included in the Brentide. 


The subfamily OTIORHYNCHIN, or scarred snout-beetles, is one 
of the larger of the subfamilies of the Curculionidae; it is repre- 
sented in our fauna by more than two hundred species. The most 
distinctive characteristic of these insects is the presence in the pupa 
state, and sometimes also in recently matured adults, of an ap- 
pendage on each mandible, and in the adult state of a scar indicating 
the place from which the appendage has fallen. This scar is on the 
anterior face of the mandible, and frequently at the tip of a slight 
process. Many species of this family are beautifully 
ornamented with scales which resemble in a striking 
manner the scales on the wings of butterflies. Among 
the more important species are the following. 


The imbricated snout-beetle, Epicerus imbri- 
catus, is usually a dull, silvery white beetle with 
brown markings; but the species is quite variable 
in color. It is represented, somewhat enlarged, in 
Figure 661. It is omnivorous, gnawing holes in va- 
rious garden vegetables, strawberry plants, and other 
Fig. 661. fruits. The greater part of the insect is clothed with 

imbricated scales, which suggested the specific name. 
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Fuller’s rose-beetle, Pantémorus fiilleri—This is an oval, black 
snout-beetle, lightly covered with dark brown scales, and about 6mm. 
in length. It attacks roses and many other greenhouse plants. The 
adults feed on the foliage, flowers, and buds, the larve on the roots, 
of its food plants. 


The strawberry crown-girdler, Brachyrhinus ovatus —This is a 
dark brown, almost black, snout-beetle, about 5 mm. inlength, which 
often invades dwellings in search of shelter, in the Northern States 
and Canada. The larve feed on the roots of the strawberry, cutting 
them off near the crown. The adults feed on the foliage. In the 
adult, the hind wings are wanting and the elytra are grown together. 

The black vine-weevil, Brachyrhinus sulcatus——This beetle is 
larger than the preceding species, measuring 9 mm. in length; it is 
black, with small patches of yellowish hairs on the elytra. The 
larvee destroy the roots of strawberries; and both larve and adults 
infest various greenhouse plants. 


The subfamily CuRcuULIONIN# is represented in our fauna by 
more than one thousand species, among which are some very destruc- 
tive pests. In this family there is on the lower side of each wing-cover 
a strong fold near the outer margin, which limits a deep groove in 
which the upper edge of the abdomen fits; the mandibles have no scar; 
the antenne are usually elbowed, and have a ringed or solid club; 
the tarsi are usually dilated, with the third segment bilobed: and 
spongy beneath; in a few cases the tarsi are narrow, but not spinose 
beneath. 

The larve are soft, white, maggot-like grubs destitute of feet. 
They feed chiefly on fruits, seeds, and nuts, but all parts of plants are 
subject to their attacks. 

In laying her eggs, the female first bores a hole with her snout, 
then drops an egg into this hole, and finally pushes the egg to the 
bottom of the hole with her snout. In many species the snout is 
highly developed for this purpose; sometimes it is 
twice as long as the remainder of the body. This is 
well shown in the acorn-weevils and the nut-weevils, 
which belong to the genus Baladninus. Figure 662 
represents Baldninus réctus resting on an acorn; the 
specimen figured, when found, had her snout inserted 
in the acorn up to theantenne. Of the closely allied 
species Balaninus nasicus breeds in hickory-nuts, 
and Balaninus proboscideus in chestnuts. 

The following are some of the more important Fig. 662. 
pests belonging to this subfamily: a 

The plum-curculio, Conotrachélus nénuphar.—This is the insect 
that stings plums, often destroying a large portion of the fruit; the 
larva is also the well-known “worm” of “wormy” cherries. This 
species is the most destructive insect that infests plums, cherries, and 
other stone fruits; it also breeds in apple. Its presence in an orchard 
can be determined early in the season by a peculiar mark it makes 
when laying its eggs in the young fruit. The female beetle makesan 


540 AN INTRODUCTION TO ENTOMOLOGY 


incision, with her snout, through the skin of the fruit. In thisincision 
she lays a single egg, which she pushes with her snout to the bottom 
of the cavity that she has prepared. She then makesa crescent-shaped 
incision in front of the one containing the egg. This last cut under- 
mines the egg, leaving it in a little flap. The larvee feed within the 
fruit. In the case of the plums the infested fruit falls to the ground; 
but not so with cherries. When full-grown the larve go into the ground 
to transform. ‘This species infests nectarines, apricots, and peaches, 
as well as plums and cherries. This insect is fought in two ways: 
the beetles are jarred from the trees upon sheets in early spring, and 
destroyed before they have laid their eggs; they are also poisoned by 
spraying the trees with arsenate of lead, either alone or combined 
with a fungicide before the fruit is large enough for them to oviposit 
init. Theadult beetle feeds upon the foliage, and can thus be poisoned. 

The apple-curculio, Anthénomus quadrigibbus, infests the fruit of 
apple, often in company with the plum-curculio. The specific name 
was suggested by the fact that there are two wart-like projections 
near the hind end of each wing-cover. 

The strawberry-weevil, Anthénomus signatus, infests 
strawberry, blackberry, raspberry, and dewberry. The 
female beetle (Fig. 663) after laying an egg in the flower- 
Fig Ce bud causes it to fall by cutting the pedicel; the larva de- 

‘“*" velops within the fallen bud. 

The cotton-boll weevil, Anthénomus grandis, is one of the most 
serious insect pests known in the United States. It infests only cotton. 
The egg is deposited in a young boll, which the larva destroys. The 
adults also feed upon the young bolls and upon the leaves, doing as 
much or more damage than that done by the larve. This species is 
a native of Central America. It spread through Mexico, and entered 
Texas about 1890. Since that time it has spread over alarge part 
of the cotton-belt. Very extensive investigations of this pest have 
been made by the Federal Government and by several state govern- 
ments; and much literatureregarding it isavailable to those interested. 

The subfamily CALENDRIN# includes the bill-bugs and the grain- 
weevils, some of which are among our more common snout-beetles. 
The larvee of the larger species feed upon the roots and bore in the 
stems of plants, especially grass and corn, while those of 
the smaller species infest grains and seeds. 

Most ofour larger species belong tothe genus Sphenoph- 
orus; one of these is represented in Figure 664. These 
are of medium or rather large size, and are often marked 
in a very characteristic manner by longitudinal elevated 
bands of darker color; frequently, when collected, they 
are covered with a coat of clay. They arecommonly known 
as the bill-bugs. One species, Sphendphorus maidis, is an Fig. 664. 
important pest of corn in the South; it bores in the tap- 
root and lower part of the stalk. Most of the beetles hibernate in the 
oan ey a and can be destroyed by pulling out and burning the 
stubble. 
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: Among the smaller members of this subfamil y are two exceedingly 
important pests of stored grains; these are the granary-weevil, 
Calandra granaria, and the rice-weevil, Caldndra oryze@. The rice- 
weevil is so called because it was first found in rice in India; but it 
infests various kinds of stored grain; and in the South it is fully as 
important a granary-pest as is the granary-weevil. 

The two species are quite similar in appearance; but the granary- 
weevil is the larger, measuring from 3 mm. to 4 mm. in length; 
while the rice-weevil measures less than 3 mm. in length, and differs 
from the granary-weevil in having the elytra marked with four 
reddish spots. Thethorax of the rice-weevil is closely pitted with round 
gelaoon ing that of the granary-weevil, with sparse elongate punc- 

ures. 

The adult female of both of these species gnaws a tiny hole in a 
kernel of grain and then deposits an egg in it. The larva feeds on 
the grain, becomes full-grown, and transforms within thekernel. The 
adult continues the injury begun by the larva, eating out the inside 
of the kernel. 

The most effective method of destroying grain-weevils is by the 
use of carbon bisulphide. The grain is placed in a tight bin or other 
receptacle, and the carbon bisulphide is poured into a shallow tin 
pan placed on top of the grain, and then covered with blankets to 
keep in the fumes. Two or three pounds of carbon bisulphide should 
be used for each 1000 cubic feet of space. Care should be taken 
not to go near the bin with a lighted lantern or fire of any kind until 
after the blankets have been removed and the gas has been dissipated, 


Famity PLATYPODIDA& 


This is a small family, which is represented in 
our fauna by a single genus, Platypus, of which 
only five species have been found in America 
north of Mexico; these are found chiefly in the 
South and the Far West. 

Formerly this group was classed as a subfamily 
of the Scolytide. It is distinguished from the 
Scolytide by the fact that the first segment of the 
anterior tarsi is longer than the second, third, and 
fourth together. Theform of the body is cylindri- 
cal (Fig. 665); and the head is large, wider than the 
prothorax. 

The species of this genus attack many kinds 
of conifers and deciduous trees. They bore deeply 
into the heart-wood, making ‘“‘pin-holes” that 
often render lumber useless. The eggs are de- Fig. 665.—Platypus 
posited in the galleries; and the larve feed on a eree 
fungus, which is cultivated by the beetles and is ; 
known as ambrosia. In this respect Platypus resembles several genera 
of the Scolytidz, which also bore in solid wood and feed on ambrosia; 
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all of these are known 


as ambrosia-beetles. The galleries of ambrosia- 


beetles are usually blackened by the fungus. See further account of 
the ambrosia-beetles in the discussion of the next family. 


Famity SCOLYTIDA 


The Engraver-Beetles and the Ambrosia-Beetles 


The members of the family Scolytide are mostly of cylindrical 
form (Fig. 666) and of small or moderate size; some species measure 


Fig. 667.—Work of clo- 
ver-root borer. (After 
Webster.) 


only 1 mm. in length, but 
others are much larger, at- 
taining a length of 6 mm. 
or more. They are usually 
brown, sometimes black,and 
with many the hind end of 
the body is very blunt, as 
if cut off. The antennz are 
elbowed or bent in the mid- 
dle, and are clubbed at the 
tip; the tibize are usually 
serrate; and the first seg- 
ment of the anterior tarsiis Pig, 666.—Phthoro- 
shorter than the second,  phleus liminaris. 
third, and fourth together. 


A few members of this family infest herba- 
ceous plants; our most important one of these is 
the following. 


The clover-root borer, Hyldstinus obscirus. 
—This pest was introduced from Europe and 
has become the most serious enemy of clover, 
especially red clover and mammoth clover, in 
New York State and in other sections of the 
North. It bores in the roots of plants beginning 
their second year of growth and destroys them 
(Fig. 667). Where it is common it is practically 
impossible to keep fields in clover longer than 
the second summer after seeding. In these 
regions it is the common practice to seed with 
clover and timothy mixed; after the clover 
disappears the field becomes a timothy meadow. 
No practical method of control of this pest has 
been found. 


Most scolytid beetles infest woody plants; 
among them are some of the most destructive 
enemies of forest-trees, and a few attack fruit- 


trees. Asa rule they are more liable to attack sickly trees, but their. 
injuries are not confined to these. 
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The scolytid beetles exhibit two radically different types of 
habits; and from this point of view they can be grouped into two 
groups: first, the engraver-beetles or bark-beetles; and second, the 
ambrosia-beetles or timber-beetles. These two groups, however, do 
not represent a natural division of the family based on structural 
characters. The peculiar habits of the ambrosia-beetles are believed 
to havearisen independently in different parts of the series of scolytid 
beetles, and in the family Platypodidz as well. 


The Engraver-Beetles or Bark-Beetles 


If the bark be pulled from dead branches or trunks of trees, the 
inner layer and the sap-wood will be found, in many cases, to be 
ornamented with burrows of more or less regular form. The smoothly 
cut figures are the mines of engraver-beetles, which are also known as 
bark-beetles. Many kinds of these engravings can be found, each 
characteristic of a particular species of engraver beetles. A common 
pattern is shown in Figure 668. 


Many figures and detailed descriptions of the burrows of engraver- 
beetles have been published by writers on forest-insects; among the 
more important papers on this subject published in America are those 
by Hopkins (’09) and Swaine (’18), in which can be found references 
to many other papers. 

The different species of engraver-beetles vary so greatly in the 
details of their habits that it is difficult to make generalizations re- 


Fig. 668. 


garding them in the space available here. In a common type, the 
adult beetle, after penetrating the bark, makes a tunnel in the inner 
layer of the bark or in the sap-wood or in both; this is known as the 
egg-tunnel, and may be either simple or branched. In the sides of 
the tunnel, most species make niches, the egg-niches, in which the 
eggs are laid. The larva when hatched feeds on the bark or sap-wood 
or both and thus makes a lateral tunnel. These lateral tunnels made 
by the larvee often extend parallel in a more or less regular manner, 
as shown in Figure 668. 

While most of the engraver-beetles infest forest-trees, the two 
following species are well-known pests of fruit-trees. 
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The fruit-tree bark-beetle, Scélytus ruguldsus.—This species in- 
fests apple, quince, plum, peach, and other stone-fruits. It is some- 
times called the shot-hole borer by fruit-growers on account of the 
small entrance holes of its burrows. The adult beetle measures from 
2mm. to 2.5 mm. in length, and is dark brown or nearly black. It 
infests chiefly sickly trees. 

The peach-tree bark-beetle, Phthorophleus liminaris.—This spe- 
cies resembles the preceding in size and habits, except that its injuries 
are confined chiefly to peach and cherry. It canbe distinguished from 
the fruit-tree bark-beetle by the fact that the club of the antennez is 
lamellate, an unusual feature in this family (Fig. 666). 


The Ambrosia-Beetles or Timber-Beetles 
Certain members of the family Scolytidze differ in habits from the 


engraver-beetles or bark-beetles in a remarkable manner; these are 
those known as ambrosia-beetles or timber-beetles. They are termed 


Fig. 669.—Gallery of Monarthrum mali in maple. (From Hubbard.) 


ambrosta-beetles because they cultivate fungi, commonly called am- 
brosia, upon which they feed; and timber-beetles, because they 
burrow in the solid wood. 

The galleries of the ambrosia-beetles can be distinguished from 
those of other wood-boring insects by the fact that in all of their 
ramifications they are of uniform size and free from wood-dust and 
other refuse, and their walls are stained black or brown by the fungus 
that is grown upon them. 

The galleries of different species differ in form; but usually there 
is a main gallery, which extends deeply into the solid wood and is 
often branched; and extending from the sides of the main gallery 
there are short chambers, termed cradles, in each of which an egg is 
laid and a larva reared (Fig. 669). In some species, the female de- 
posits her eggs loosely in the galleries, and the young and old live 
together in the same quarters. 
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The galleries are excavated by the adult beetles. In some species 
the gallery is started by a single female, in others the males assist the 
females in this work. The entrances through the bark to the galleries 
are similar to those made by the bark-beetlesand like them are known 
as “shot-holes.”” Under favorable conditions colonies may continue 
their excavations during two or three generations. 

The fungi upon which these beetles feed are carefully cultivated 
by them. So far as is known, each species of ambrosia-beetle culti- 
vates only a single species of fungus, and only the most closely allied 
species have the same food-fungus. The fungus is started by the moth- 
er-beetle upon a carefully packed bed orlayer of chips. It isprobable 
that some conidia are brought for this purpose from the gallery in 
which the female was developed. The excrement of the larve is 
used in some and probably in all the species to form new beds for the 
propagation of the fungus. 

In those species in which the larve are reared in separate cradles, 
“the mother-beetle is constantly in attendance upon her young during 
the period of their development, and guards them with jealous care. 
Themouth of each cradle is closed with a plug of the food-fungus, and 
as fast as this is consumed it is renewed with fresh material. The 
larvee from time to time perforate this plug and clean out their cells, 
pushing out the pellets of excrement through theopening. Thisdebris 
is promptly removed by the mother and the opening again sealed with 
ambrosia. The young transform to perfect beetles before leaving 
their cradles and emerging into the galleries.” 

A detailed account of the ambrosia-beetles of the United States 
was published by Hubbard (’97), from which I have drawn largely 
in the preparation of the account given here. 

While the ambrosia-beetles are chiefly injurious to forest-trees, 
there are certain species that injure wine and beer casks; and one 
species, the pear-blight beetle, Anisdndrus pyri, sometimes infests 
the tips of pear and apple branches, causing an injury that is often 
mistaken for the bacterial disease known as pear-blight. 

Nearly four hundred species of scolytid beetles, representing 
many genera, have been described from America north of Mexico. 


CHAPTER XXIV 


ORDER STREPSIPTERA* 
The Stylopids or Twisted-winged Insects 


The members of this order are small, endoparasitic insects, which prey 
on other insects. Only the males are winged; in this sex, the fore wings 
are reduced to club-shaped appendages; the hind wings are large com- 
pared with the size of the tiny body, fan-shaped, furnished with radiating 
wing-veins, and folded longitudinally when at rest. The adult female 1s 
larviform and legless. The mouth-parts are vestigial or wanting; the 
alimentation is probably by osmosis. Both sexes undergo a hyper- 
metamorphosis. 

The order Strepsiptera comprises insects that were formerly 
classed as a family of the Coleoptera, the Stylopide; for this reason, 
these insects have been known:as the stylopids. Recently since the 
establishment of the order Strepsiptera, the name the twisted-winged 
insects, derived from the technical name of the order, has been pro- 
posed for them; but the old name is less cumbersome, and will prob- 
ably continue to be used. 

The stylopids are small insects which live parasitically within the 
bodies of other insects, chiefly bees, wasps, digger wasps, and certain 
Homoptera. Their small size and the fact that nearly their entire 
existence is passed within the bodies of their hosts result in their 
being rarely seen except by those who are searching for them. During 
the first stadium the young larve of both sexes are free, and the adult 
winged male leads a free existence for a brief period; but only the 
most skilled collectors are likely to observe these minute creatures 
during these periods, the only free stages of their 
existence. 

The stylopids are most easily found by examin- 
ing adult individuals of the species of insects that 
they infest, in which may be found adult females 
and male pupz of the parasites. The presence of a 
stylopid is indicated by the projecting of the head 
end of the body from between two of the abdominal 
segments of the host (Fig. 670). Frequently a single 
host will contain several parasites. A female Polistes 
with eleven male stylopids has been recorded. If 
this projecting part of the parasite is a flat disk-like 
plate, it is the head end of a female; but if it is the 
rounded and tuberculate end of a cylindrical body, Fig. 670.—Abdo- 
it is the head end of the puparium of amale. Adult men of stylo- 
male stylopids can be bred by keeping alive stylo-  Pized insect: s, 
pized insects containing male pupz. s,stylopids. 


*Strepsiptera: strepsis (orpéjis), a turning; pteron (wrepdv), a wing. 
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Figure 671 will serve to illustrate the appearance of an adult male 
stylopid. The more striking features are the flabellate antenne: 
the large, ; 
stalked, com- 
pound eyes; 
the shortness 
of the pro- 
thorax and 
the mesotho- 
taxpande toe 
great length 
of the meta- 
thorax; the re- 
duction of the 
fore-wings to 
club-shaped 
appendages; 
and the large 
size of the 
hind wings. 

The an- 
tennz of adult 
males differ 
greatly in form in the different families of this order. The number of 
antennal segments varies from four to seven; the third segment is 
always furnished 
with a lateral pro- 
longation, a flabel- 
lum, and one or 
more of the follow- 
ing segments may 
or may not be fla- 
bellate. 

The compound 
eyes of adult males 
are large and more 
Fig. 672.—Mouth-parts of male stylopids: a, Acros- OT less stalked. The 

chismus bruest. (After Pierce.) b, Pentozocera austral- facets are separated 
ensis. (After Perkins.) by densely ciliate 
walls. 

The mouth-parts are greatly reduced; those of two adult males 
are represented in Figure 672. The mouth opening is small. The 
labrum and labium are wanting as distinct parts. In Acroschismus 
bruést (Fig. 672,a) the mandibles are slender, curved, and scimitar- 
like; beneath the mandibles are the maxilla; these are two-jointed; 
the second segment is believed to be the reduced palpus. In Pento- 
zocera austrilensis (Fig. 672, b) the mandibles are greatly reduced, 
but the maxilllary palpi are quite large. 

The three pairs of legs are similar in form. The tarsi are five- 
jointed in one family (Mengeidz), and furnished with two claws; 


Fig. 671.—Opthalmochlus duryi. (After Pierce.) 
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in the other families they are two- to four-jointed and without claws. 

The venation of the hind wings is degenerate. There isa variable 
number of radiating veins, which in the most generalized wings are 
eight in number. These are sup- 
posed, by Pierce (’o9), to be the 
eight principal veins of the typi- 
cal wing, the costa, subcosta, ra- 
dius, media, cubitus, and the three 
anal veins, respectively (Fig. 673). 

The abdomen is composed of 
ten segments. 

The adult female is very de- 
generate in form. That part of 
the body which projects from the 
body of the host is the cephalo- 
thorax, the head and thorax being 
consolidated into a single disk- 
like region. The abdomen, which 


1st A 


eee 4 is within the body of the host, is 

Fig. 673.—Wing of Paraxenos eberi. a great sac filled with eggs. The 

(From Pierce, after Saunders.) body of the adult female is in- 

closed in the skin of the last larval 

instar, which is termed the puparium; but there is no pupal stage in 
this sex. 


The postembryonic development of the stylopids is very peculiar. 
In the adult female the eggs are free in the body cavity, where they 
hatch. The young larve are campodeiform and active. As they 
bear some resemblance to the triungulins of the parasitic blister-beetles, 
they are termed triungulins by some writers; but as they do not possess 
three tarsal claws, this term is inappropriate when applied to them. 
For this reason the first instar of a stylopid larva is termed a ¢riun- 
gulinid. 

The stylopids are very prolific; more than 2000 triungulinids pro- 
duced by a single female have been counted. This fecundity is 


doubtless correlated with the uncertainty of any individual triun- 
gulinid being able to find its proper host. 


The triungulinids escape from the body of the female through 
unpaired median genital apertures on the second to fifth abdominal 
segments. These apertures open into the space between the venter 
of the female and the puparium, which is termed the brood chamber. 
The triungulinids escape from this space through a slit in the cephalo- 
thorax of the puparium, between the head and the prothorax, and then: 
crawl over the body of the host. This is the beginning of the most 
critical period in the life of the stylopids. Forthe continued existence 
of any individual of the brood it must find a larva or a nymph of the 
particular species that is its proper host. This is doubtless accom- 
plished in different ways in the different species. Those that infest 
Homoptera and other insects that do not build nests must wander 
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over the plants on which these insects live till they find a nymph of 
their host species. In the case of stylopids that infest social insects 
the problem is obviously not so difficult, especially if the triungulinids 
leave their host while it is in or near the nest. But those stylopids 
that infest solitary nest-building species are beset with more serious 
difficulties. It is believed that parasitized female bees and wasps 
are so weakened that they do not build nests; hence the triungulinids 
issuing from them, and from males as well, must attach themselves 
to other females of the same species in order to be carried to a nest 
where they can find their appropriate victims. ‘This transfer is 
probably made in the flowers visited by these insects. 

When a triungulinid finds a larva or a nymph of its host species 
it quickly bores into it, and begins its parasitic life. The most com- 
plete account of the metamorphosis of a stylopid yet published is 
that of Xénos vesparum by Nassonow (’92). An abstract of this 
author’s results is given by Pierce (’09, pp. 47-48) ; themore important 
features of them are the following. 

The campodeiform triungulinid grows rapidly after entering the 
body of its host; at the first molt it loses its legs and becomes scarabei- 
form; later the body becomes cylindrical. From this point the develop- 
ment of the two sexes is different. In the case of the females, there 
are seven larval instars; in the fifth instar the head and thorax are 
fused, forming a cephalothorax; the seventh instar pushes its cephalo- 
thorax out between two of the abdominal segments of the host; the 
skin of this instar becomes the “‘puparium,”’ in which theadult female 
is inclosed, and which she never leaves; the adult female is larviform; 
there is no pupal stage in thissex. In the case of males, the headand 
thorax of the fifth instar are fused, forming a cephalothorax; the 
seventh instar is inclosed in the skin of the sixth, and has strongly de- 
veloped appendages; for this reason it may be termed a prepupa; 
during the seventh stadium the cephalothorax is exserted between 
two abdominal segments of the host; the true pupa is formed within 
the skin of the seventh instar; the adult male thrusts off the cap of 
the puparium and emerges as a winged individual. 

The manner in which the female is fertilized, inclosed as she isin 
a puparium, has not been determined; it has been suggested that the 
seminal fluid is discharged into the space between the venter of the 
female and the puparium, the brood chamber. If this is true, the 
mobile spermatozoa probably pass from the brood chamber through 
the genital apertures into the abdominal cavity, where the eggs are 
massed free. The slit in the cephalothorax of the puparium, througn 
which the triungulinids escape, may serve for the introduction of the 
seminal fluid into the brood chamber. 

The order Strepsiptera is well represented in this country. Leng 
(’20) listsninety-seven American species, and doubtless there aremany 
undiscovered species here. The described American species represent 
five families and eighteen genera. 

Students wishing to study the classification of these insects should 
consult the very complete monographs of the order by W. Dwight 
Pierce (’o9, ’11, and ’18), and other papers listed in these works, 


CHAPTER XXV 


ORDER MECOPTERA* 
The Scorpion-Flies and Their Allies 


The winged members of this order have four wings; these are usually 
long, narrow, membranous, and furnished with a considerable number 
of cross-veins; the wings are wanting or vestigial in two genera. The 
head is prolonged into a deflexed beak, at the end of which chewing 
mouth-parts are situated. The metamorphosis 1s complete. 

This is a small order composed of very remarkable insects. ‘The 
most striking character common to all is the shape of the head, which 
is prolonged into a deflexed beak (Fig. 674). The dorsal wall of this 
beak is composed largely of the greatly elongated clypeus (Fig. 675, 
A, c); the central portion of the ventral wall is the greatly elongated 
submentum (Fig. 675, B,sm); and oneach side of the submentum there 


’ 
/ 
MA 


hp 


Fig. 674.—Head Fig. 675.—Head of Panorpa: A, dorsal aspect; B, 
and tail of ventral aspect; af, antennal foramen; ca, cardo; 
Panorpa. e, eye; g, gena; J, labrum; /p, labial palpi; m, 


mentum; mp, maxillary palpi; mx, maxille; 0, 
ocelli; sm, submentum; st, stipes. (After Miyake.) 
is a greatly elongated stipes of the maxilla, at the distal end of which 
is borne the maxillary palpus. The mentum and labium are com- 
paratively short; and from each side of the labium there extends a 
labial palpus. The mandibles are rather small and slender and are 
articulated to the apex of the beak, and can cross freely. 
The antennz are long, very slender, and many-jointed. The 
compound eyes are moderately large. There are usually three promi- 
nent ocelli, but these are wanting in Merope and in Boreus. 


*Mecdptera: mecos (ufxos), length; pteron (wrepdv), a wing. 
(550) 
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The prothorax is small; the mesothorax and metathorax are large. 
The legs are long and slender; the tarsi are five-jointed; in some 
genera there are two tarsal claws, in others only one. 

The wings are membranous, and are usually long and narrow, but 
in two genera, Notiothauma and Merope, the representatives of which 
are very rare insects, the wings are comparatively broad. Inthe genus 
Boreus the wings are vestigial or wanting. 

The type of the venation of the wings in this order is well shown 
by the wings of Panorpa (Fig. 676). In the species figured here, the 
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Fig. 676.—Wings of Panorpa. 


number and arrangement of the wing-veins in the fore wings is that 
of the hypothetical primitive type, with the addition of a considerable 
number of cross- 
veins, and an ac- 
cessory vein on 
vein Ry. The same 
is true of the hind 
wings except that 
each of the branches 
of cubitus anasto- 
moses with the ad- 
jacent vein; that is, 
vein Cu, anasto- 
moses with vein M, 


and vein Cur with Fig. 677.—Base of hind wing of Panorpa. 
the first anal vein 
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(Fig. 677). For further details regarding the venation of the wings 
in this order, see ‘“The Wings of Insects’’ (Comstock ’18 a). 

The metamorphosis is complete. The larve are caterpillar-like, 
with three pairs of thoracic legs and with or without abdominal pro- 
legs. The pupz are exarate, that is, the wings and legs are free, as 
in the Coleoptera and Hymenoptera. 

This order is represented in our fauna by six genera; these can be 
separated by the following table: 


A. With well-developed wings. 
B. Wings long and narrow; ocelli present. 


C. Tarsi with a single claw, and fitted for grasping............ Bitracus 

CC. Tarsi with two claws, and not fitted for grasping. 
Di slarsalvclaws toothed eager ~ se see teres losis ereteters PANORPA 
DD see Darsal@ claws) simplen severe erste tir rete te PANORPODES 
BB. Wings comparatively wide, with many cross-veins extending from the 
subcosta to thelcosta:vocelli wanting ner itera icicle cities MEROPE 

AA. Wings wanting or imperfectly developed. 

B. Without ocelli; small insects, less than 6 mm., in length....... BOREUS 
BB. Oceili present; body about 20 mm., in length....... APTEROBITTACUS 


Panérpa or the scorpion-flies.—The most common members of 
this order belong to the genus Panorpa, of which there are nearly 
twenty described 
North American 
species. Figure 678 
represents a female 
of this genus. In 
our more common 
species the wings 
are yellowish, spot- 
ted with black. The 
Fig. 678.—Pan- males of this genus 

orpa, female. are remarkable for 
the peculiar form of 
the caudal part of 
the abdomen (Fig. 
679). This at first 
sightremindsoneof _. 
the corresponding Fig. 680.—a, fore leg of Pan- 
‘ orpa; b, last two segments 
part of a scorpion, of tarsus of Bittacus, ap- 
Fig.679.—Abdomenof and suggested the posed; c, last three seg- 
Panorpa rufescens. common namescor- Ments of tarsus of Bittacus. 
pion-flies for these 
insects. But in reality the two are very different; the last segment 
of the male Panorpa, instead of ending in a sting, like that of a scorpion, 
is greatly enlarged and bears a pair of clasping organs. The tarsal 
claws are toothed (Fig. 680, a). 

The adults are found resting on the surface of foliage of rank 
herbage growing on the banks of shaded streams and in damp woods 
where there is a luxuriant undergrowth of herbaceous plants. They 
feed on dead or injured insects and upon fruits; it appears that they 
rarely if ever capture living prey. 
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The females lay their eggs in crevices in the earth. The larve 
are caterpillar-like in form; they have three pairs of true legs and 
eight pairs of abdominal prolegs; and the body is armed with promi- 
nent spines (Fig. 681); the larveare carnivorous. The transformation 
takes place in a cell in the ground. 


Panorpodes.—The members of this genus resemble Panorpa in 
general appearance, and as in that genus the abdomen of the male is 
furnished with a pair of clasping organs; but in 
Panorpodes the tarsal claws are simple. Only two 
species have been described from North America. 
These are not common; and but little is known 
regarding their habits. 

Merépe.—This genus includes only a single known 
species, Merope tuber. This is an exceedingly rare - 
insect. In this genus the wings are comparatively 
wide (Fig. 682); and there are many cross-veins ex- 
tending from the subcosta to the costa. I have 
figured the venation 
of the wings in ‘The 
Wings of Insects” 
(Comstock ’18 a). 
The ocelliare wanting. 
The abdomen of the 
male is terminated by 
a pair of long, stout 
forceps. This is prob- 
ably a nocturnal insect 
as it is attracted to 
lights at night. Its 
life-history is un- 
known. 

Boréus.—This_ ge- 
nus includes small Me- 
coptera, our species Fig. 681.-Larva of 
Fig. 682.—Merope tuber, slightly Measuring from 2.5 Panorpa rufes- 


i first instar. 
1 d. Photographed by MM. to 5 mm. in ns, 
ie fe nisedbact) length, which are of- (After Felt.) 


ten found on snow in 

winter. The wings of the female are vestigial or wanting 3 those of 
the male, imperfectly developed. The ocelliare wanting. _ The female 
has a long, protruding ovipositor, which in some species 1s nearly as 
long as the abdomen. The larva differs from that of Panorpa in 
lacking the abdominal prolegs. The pupa state is passed in an earthen 
cell in the ground. Four American species have been described, two 
from the East and two from the West. 

Bittacus.—Insects belonging to this genus have long, narrow 
wings, long legs, and a slender abdomen. They resemble crane-flies 
very closely when on the wing, but can be distinguished by the 
presence of two pairs of wings. They are almost as common as 
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Panorpa; and, like the scorpion-flies, are found among rank herbage 
growing on the banks of shaded streams and in damp woods where 
there is a luxuriant undergrowth of herbaceous plants. When at 
rest, they do not sit on the surface of foliage as does Panorpa, but 
hang suspended, by their front legs, from some support (Fig. 683). 
The members of this genus capture and feed 
upon living insects. They are enabled to capture 
their prey by means of their curiously modified 
tarsi, the last two segments of which are armed 
with teeth, and the last segment can be folded 
back against the next to the last segment. In 
this way there is formed an efficient grasping 
organ (Fig. 680, b, c). It is an interesting fact 
that, while in other predacious insects the fore 
legs are the chief organs of prehension, in Bittacus 
the hind legs are used for this purpose fully as 
often as the others, especially when the Bittacus 
is hanging suspended by its fore legs and captures 
an insect that comes within reach of it. 

ie ea ite Nine North American species of Bittacus have 

ae (From Felt.) been described. 

Apterobittacus.—This genus includes a single 
known species, Apterobittacus apterus, found in California. It re- 
sembles bittacus except that the wings are completely wanting. 

A review of the species of the Mecoptera of America north of 
Mexico was published by James S. Hine (Hine ’or). 


NF 
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CHAPTER XXVI 
ORDER TRICHOPTERA* 
The Caddice-Flies 


The members of this order have four wings; these are membranous 
and usually more or less densely clothed with long, silky hairs. In the 
more generalized members of the order, the venation of the wings corre- 
sponds closely to that of the hypothetical primitive type with but few or no 
accessory veins; in some of the more specialized members of the order, 
the venation of the wings is reduced. The mouth-parts of adults, except 
the palpt, are vestigial. The metamorphosis is complete. 

_ The caddice-flies are moth-like insects, which are common in the 
vicinity of streams, ponds, and lakes, and are frequently attracted 
to lights at night (Fig. 684). The larve of 
these insects are the well-known caddice- 
worms; these live in the water, and most of 
them build cases about their bodies. 

In the adult insect, the body-wall is soft, 
being membranous or at the most parch- 
ment-like, and is thickly clothed with hairs. Fig. 684.—A caddice-fly. 
The two pairs of wings are membranous 
and usually more or less clothed with long, silky hair. The fore wings 
are denser than the hind wings and are often slightly coriaceous; in 
a few forms the wings are naked. The hind wings are shorter than 
the fore wings; but they are usually broader; this is due to an ex- 
pansion of the anal area of the hind wings. Ina few species the hind 
wings are reduced so that they are smaller than the fore wings; in one 
species the female is apterous, and in another the wings of the female 
are vestigial. When not in use the wings are folded roof-like over the 
abdomen. 

The posterior lobe of the fore wings is specialized as a fibula, 
which is well developed in the more generalized forms, as Rhyacophila, 
but more or less reduced in the more specialized genera. The costal 
border of the hind wings is furnished with hamuli in some forms, as 
in the Leptoceride and some Hydropsychide. 

In the more generalized forms the venation of the wings cor- 
responds quite closely with the hypothetical primitive type; thisis 
well shown by the wings of Rhyacophila fuscula (Fig. 685). The 
more important modifications of this type shown by the wings of 
Rhyacophila are the following: in the fore wing the tips of the second 
anal vein and two of the branches of the third anal vein coalesce; 
the subcosta bears an accessory vein; this, however, is unimportant; 
accessory veins borne by the subcosta exist in only a few genera of 
this order; the coalescence of veins Cu and 1st A at the base of the 


*Trichdptera: trichos (Oplé, rptxés), the hair; -pleron (wrepév), a wing. 
(555) 
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wing; and the formation of a serial vein consisting of the base of 
media, the posterior arculus (pa), and the distal part of vein Cu. In 
the hind wings, media has been reduced to a three-branched condition 
by the coalescence of veins M; and M,. 


In the more specialized members of this order the specialization 
of the preanal area of the wings is always by reduction. In the anal 
area of the hind wings the specialization is in some cases by addition, 
resulting in a broadly expanded anal area; in others it is by reduction. 

The head is small; the antenne are setaceous, and frequently 
several times as long as the body; the compound eyes are usually 


Sex Sez Ri es 
ZL 


2d A rstA Cru Cur 
Fig. 685.—Wings of Rhyacophila fuscula. 


small and with small facets; the ocelli are either present or absent; 
when present they are three in number; the mandibles are mere 
tubercles at the base of the labrum; the maxilla are small, and ordi- 
narily furnished with an obtuse maxillary lobe; the maxillary palpi 
are well-developed, and furnish characters which are much used in 
classification; the labium is usually well-developed, and bears three- 
jointed palpi. 


The legs are long and usually slender; the coxe are very large; 
the femora are long and slender, and generally without spines; the 
tibiz are also long and slender; the tarsi are always five-jointed. 
The tibiz and tarsi are often furnished with black or brown, some- 
times yellow, spine-like setae. In addition to the spine-like seta, the 
tibiz bear movable spurs either at the apex only, or also at some 


~~ TRICHOPTERA 557 


distance before the apex; these are larger than the spine-like setz 
and are usually differently colored. The number of these spurs is 
much used in classification. 


The eggs of caddice-flies are round or slightly oval in form. 
They are laid either in water or upon objects above water from which 
the larvee when hatched can find their 
way into the water. Some species that 
lay their eggs in water descend below the 
surface in order to glue their eggs tosome 
submerged support. So far as is known, 
all species of caddice-flies, except some 
of the Rhyacophilide, lay their eggs in 
a mass enveloped either in a cement, by .. 
which the mass is glued to some support, He ee io 

3 ‘ : -flies:a, Phryganea 
or ina gelatinous covering. In the latter interrupta; b, Trienodes sp. 
case, the covering absorbs water and thus (From Lloyd.) 
increases greatly in size. The form of the 
gelatinous mass and the arrangement of the eggs within it are often 
characteristic of the species (Fig. 686). 


The larve of most caddice-flies, the caddice-worms, are semewhat 
caterpillar-like (eruciform) in shape (Fig. 
687); but some are more nearly campodei- 
form. Those that are eruciform build a 
portable case in which they live; most of 
the campodeiform larve do not build port- 
able cases. In the eruciform larve the 
head is bent down, as in a caterpillar; in 
the campodeiform larve the head is hori- 
zontal, the mouth-parts projecting for- 
ward. Both types differ from the cater- 
pillars in having only one pair of prolegs, 
the anal prolegs. These are each furnished 
with a chitinous hook. The mouth-parts 
are fitted for chewing. The thoracic legs 
are well developed. In the case-building 
forms, the first abdominal segment often 
bears three tubercles, one dorsal and one 
on each side; these are the ‘“‘spacing- 
humps,” and serve to keep aspace between 
the insect and its case for the free circu- 
Fig. 687 ry ae ble ia lation of water for respiration. In several 

a doe A, larva families the larve possess abdominal tra- 

extracted from its case; cheal gills; these are filamentous and are 

B, one of the dorsal spaces sometimes branched; they arise singly 

of the abdominal seg- or in tufts. With the exception of a single 

ee Temes aan European genus, Enoicyla, alt caddice- 

worms are aquatic. 


Most caddice-worms build portable cases in which they live and 
which they drag about wherever they go, projecting only the front 
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end of the body and the legs from the case when they travel. The 
cases of different species differ greatly in form and in materials used 
in their construction; but silk is used in building all of them. This 
silk, like that of caterpillars, is secreted by modified salivary glands 
and is emitted through an opening in the labium; but in most cases 
it is not spun into a thread, but is poured forth in a glue-like sheet 
upon the objects to be cemented together; some species, however, 
build nets of silken strands. 


Some caddice-worms build their cases entirely of silk; but most 
of the case-building species use other materials also; these may be 
grains of sand, small stones, bits of wood, moss, or pieces of leaves; 
and some species fasten shells of small mollusks to their cases. The 
materials used are glued together with silk; and the caseis lined with 
silk, so as to form a suitable protection for the soft abdomen. Ex- 
amples of different types of cases are figured later. 


When the caddice-worms are full-grown they do not leave the 
water to transform, as do nearly all other aquatic larve, the pup 
being as truly aquatic as the larvee. Some of the case-building species 
change the form and material of their cases at this time; and nearly 
all of them partly close their cases so as to keep out intruders and silt; 
but usually provision is made for the ingress of water for respiration. 
Some species merely cement a stone or grains of sand over each open- 
ing of the case; others build a silken lid with a slit in it; and still 
others build a silken grating in each end of the case. Frequently 
caddice-worms leave the open water in which the larval life has been 
spent and seek some more secluded place in which to transform, such 
as crevices in bark or among roots, or they may 
burrow into wood or into the soil. 

The pupz are of the exarate type, that is, the 
wings and legs are free (Fig. 688). Some pupz 
have tracheal gills, others do not; this, however, 
is not correlated with the presence or absence of 
tracheal gills in the larva; tracheal gills may be 
present in either of these stages and absent in the 
other. 

In the case of those caddice-flies that emerge 
from rapidly flowing water, as the net-building 
species, the wings expand instantly when the in- 
sect reaches the surface of the water and are then 
fitted for flight; it is evident that if much time 
were required for the wings to become fit for use, Fig. 688.—A, pupa 
as is the case with most other insects, the wave 7 nak Sed 

. 3 : ’ osa. (After Pic- 
succeeding that which swept the insect from the tet.) _B, mandi- 
water would sweep it back again and destroy it. bles of pupa of 

The Trichoptera can be regarded as beneficial M@o/anna angusta- 
insects, as the larvee form an important element ‘™ Sees) 
in the food of fishes, and especially of the brook trout. Sometimes 
in cities near rivers, the adults are annoying on account of the great 
numbers of them that are attracted to lights. 


~“TRICHOPTERA 559 


_ _This order includes thirteen families, all of which are represented 
in North America. Nearly four hundred species have been described 
from thisregion. Among themore important workson the classification 
of these insects are McLachlan (’74-80), Ulmer (’07), and Ulmer (’09). 
This last-mentioned work is especially important for its accounts of 
the early stages of these insects. 

The latest and most extended work on the life-histories of North 
American caddice-worms is that by Lloyd (’21). In this work there 
is a list of the more important papers on this subject, which, for this 
reason, need not be enumerated here. Thismonograph by Mr. Lloyd 
has been of great assistance to me in the preparation of the following 
account of the habits of representatives of the different families. 

A monograph treating of all stages of North American Trichoptera 
has been prepared by Dr. Cornelius Betten and is to appear asa 
bulletin of the New York State Museum. 

The following table of families is copied from Needham (’18). 


TABLE OF FAMILIES OF THE TRICHOPTERA 
For the Classification of Adults 


A. Micro-caddice-flies; very small, moth-like, hairy, the fore wings bearing 
numerous erect clavate hairs; the marginal fringe of the wings longer than 
their greatest breadth; form of wings narrowly lanceolate; antenne rather 
stout and not longer than the fore wings: p. 561............ HyYDROPTILIDE 

AA. Larger caddice-flies, with broader wings; marginal fringes never as long as 
the wings are broad; antenne usually longer than the fore wings. 

B. Maxillary palpi five-jointed. 
C. Last joint of the maxillary palpi simple, and not longer than the other 
joints. 
D. Ocelli present. 
E. Front tibize with two or three spurs, middle tibiz with four spurs. 
F. The first two joints of the maxillary palpi short and thick, the 
third joint much Jonger and thinner. p. 560....RHYACOPHILIDE 
FF. The second joint of the maxillary palpi much longer than the 


fITSuse eM AleS) MPH FO4 vache ebay bos poste avenge mts PHRYGANEIDE 
EE. Front tibize with a single spur, or with none; middle tibize with 
only two or three spurs. Females. p. 568......... LIMNOPHILID 


DD. Ocelli wanting. 
E. A closed cell in the principal fork of the median vein in the fore 
WIT OSM TD 50 Jota acers oye sh navy oe ssa Sono tncy mas Meas cuokshole CALAMOCERATIDA 
EE. No closed cell in the median fork. 
F. A closed cell in the first fork of the radial sector. 
G. Both branches of the radial sector forked. é 

H. Veins Riand R, confluent apically or connected by an apical 
cross-vein in the fore wing. Females. p. 567..ODONTOCERID& 
HH. Veins Rr and R, not connected apically. p. 569..... 


ues ae cae CER PE Rone NSIT eee ie a eee SERICOSTOMATID/& 
GG. Only the anterior branch of the radial sector forked. p. 566. 

5 Gyo is of bcos eC ee AAT Re A OP Cy AC ne LEPTOCERID 
FF. No closed cell in the first fork of the radial sector. p. 566.. 
SRS Ro POE GOES OE IE PO RTT Se MRC ES MNO Carty Oe MOoLANNIDA 


CC. Last joint of the maxillary palpi usually much longez than the others, 
twisted, and divided imperfectly into subsegments. 


IDS, Weallryaessaim Tees saaedas tose domclooco coe PHILOPOTAMIDA 
DD. Ocelli wanting. 
E. Front tibia with three spurs. p. 563..........POLYCENTROPIDA 


EE. Spurs of front tibiae fewer than three. 
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F. Anterior branch of the radial sector in the fore wings forked. 


Di. 5O2 hg oF sid pioneers cee oe ee EA stornantneate HyDROPSYCHIDA 
FF. Anterior branch of the radial sector simple. p. 564......... 
PsyCHOMYID 


BB. Maxillary palpi with fewer than five joints. 
C. Maxillary palpi with four joints; ocelli present. Males. p. 564... 
ee rk ee DO cs edo 0 WOR 90.0000 PHRYGANEIDA 
CC. Maxillary palpi with two or three joints. . 
D. Maxillary palpi filiform, with cylindric smooth joints; fore tibie 
Witheay singlesspuns = Viales, ps 508m: me eter taser LIMNOPHILIDA 
DD. Maxillary palpi hairy or scaly, appressed against and often covering 
the face; fore tibiz with two spurs. Males. p. 569..SERICOSTOMATID 


TABLE OF TRICHOPTEROUS LARV& 

The following table will aid in the classification of caddice-worms. It is 
based on a more detailed table of the family characters of trichopterous larve 
given by Lloyd (’21). 

A. Anal prolegs not fused in median line to form an apparent tenth abdominal 
segment. 
B. Abdomen much wider than the thorax. p. 561....... HyYDROPTILIDZ 
BB. Abdomen not much wider than the thorax. 
C. Dorsal surface of the ninth abdominal segment with a chitinous shield. 


Ps HOO serewenchate oi 4 oy Sushe Bens rex6ussfeveyisacousineayeueliag s-stiesaousis! legs ins sesxer oe RHYACOPHILIDE 
CC. Dorsal surface of the ninth abdominal segment without a chitinous 

shield. 

D. Tracheal gills present, branched. p. 562........ HyDROPSYCHIDZ 


DD. Tracheal gills absent. 
E. Labrum entirely membranous, white. p. 563..PHILOPOTAMID 
EE. Labrum entirely chitinized. 


F. Fronslong, extending back to the caudal margin of the head. p. 563 
Sholay aes aon arenn ot toononsce aie ete oie ott saeieue drome otto cal tanays POLYCENTROPID 


Rea rons norma lap .y50d ayer cerns eee eerie arte PSYCHOMYID 
AA. Anal prolegs fused in median line so as to form an apparent tenth segment. 
B. Dorsal surface of the labrum with a row of twenty or more heavy bristles. 


De 507 a Pe ee a chee See er eee CALAMOCERATIDA& 
BB. Dorsal surface of labrum normal. 
Ci Labrummiuch longer thankgproadanpa50 720s eet ODONTOCERID 
CC. Labrum broader than long. 
D. Metanotum with three pairs of plates. p. 568....... LIMNOPHILID& 


DD. Metanotum soft. 


E. Mesonotum soft or with one pair of minute plates. p. 564..... 
oie Yosso) tay allel Sin eo oye tae Reafetolia era hate: Rua veheaee tre aren meee te ou PHRYGANEIDA 
» EE. Mesonotum chitinized. 


F. Femur of hind legs divided into two segments or apparently so. 


Per 5OO ste Sete re ene) ete retee Oe en en ents LEPTOCERIDA 
FF. Femur of hind legs not divided. 

Gi.3 D560 Sean seyret a ead ora eee eee SERICOSTOMATID AE 

GGiyitp.15 O6y, te rere oh oroer hate imo meee ee eee es MoLanip& 


Famity RHYACOPHILIDA 


_ The larve are campodeiform; they live in rapidly flowing streams 
with stony bottoms. The American species of this family represent 
two subfamilies. Themembers of one subfamily, the Rhyacophiline, 
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do not build cases, but crawlabout naked beneath stones seeking their 
food; they feed on small larve 
and filamentous alge. The 
larva of our most common 
species, Khyacéphila fitiscula, 
when full-grown enters a crev- 
ice between two large stones 
and builds a wall of pebbles 
about itself; this wall is ce- 
mented in place with silk; 
and the chamber thus inclosed 
is much larger than the insect 
(Fig. 689); it then spins a 
parchment-like cocoon about 
its body, within which it trans- 
forms. The making of a co- 
coon is a family characteris- 


tic of the Rhyacophilide; only 
a few other caddice-worms spin 


Fig. 689.—A larva of Rhyacophila building 
its pupal chamber, exposed by lifting off 
the stone beneath whichit was. (From 


cocoons. Needham and Lloyd.) 

The members of the subfamily Glossosmatine build cases out of 
sand or small stones. Our best- 
known species is GlossosO6ma ameri- 
cana, the habits of which are de- 
scribed by Lloyd. Figure 690 repre- 
sents a dorsal and a ventral view of 
the case. The larve live singly on 
the stones of the stream’s bottom; 
but before pupating they congre- 
gate in dense colonies on the sides 
and bottoms of stones, with their 
cases placed edge to edge, sometimes 
one on top of another. At thistime 
the floor of the case is cut away and 
the rim of the cup-like roof is glued to the supporting rock. 


Fig. 690.—Case of Glossosoma ameri- 
cana: a, dorsal view; b, ventral 
view. (After Lloyd.) 


Famity HYDROPTILIDAi 
The Micro-Caddice-Flies 


This family is composed of minute caddice-flies, which resemble 
tineid moths in appearance. The larve are found in both quiet water 
and rapid streams, and often occur in very great numbers. They 
build cases which differ in form in the different species, but are usually 
flat; some are elliptical, some flask-like, and others kidney-shaped; 
all are open at both ends; they are much larger than the larve. 
They are usually composed entirely of silk; but in some species grains 
of sand or minute bits of vegetable matter are used. “Agraylea 
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decorates the parchment with filaments of Spirogyra, arranged 
concentrically over the sides in a single ex- 
ternal layer.’”” (Needham and Lloyd.) When 
moving about, the larva usually drags its case on 
oneedge. There isone species, /thytrichta confusa, 
which cements its case firmly to rocks in flowing 
water. These cases are common; they are parch- 
ment-like, elliptical, with a small opening at each 
end (Fig. 691, 2), and measure from 5 mm. to 
6 mm. in length. They are incomplete, being ce- 
mented along the edges to the rock, with no floor 
below the larva. The larva is very remarkable in 
form (Fig. 691, 1). When feeding, it protrudes 
the narrower part of its body from its case and 
gathers food from the surface of the rock; the 
expanded abdominal segments are much wider 
than the openings in the case. 


Famity HYDROPSYCHIDA 


: ae ; The family Hydropsychide of the older authors 

eee bee Hea has been divided into four families by Ulmer,— 

ie Line rene Hydropsychide, Philopotamide, Polycentropide, 

Lloyd.) and Psychomyide. It is to this group of families 

that the net-spinning caddice-worms belong. 

The best-known of these are species of the genus Hydropsyche, the 
nets of which have been described by many writers. 


The larvee of Hydropsyche live only in rapid streams and on the 
wave-beaten shores of lakes. They are campodeiform, and do not 
build portable cases, but live in tubes composed of silk and debris, 
and fastened permanently in place; sometimes they establish them- 
selves in old worm-holes in submerged 
wood. The most striking feature in 
their habits, however, is the fact that 
each one builds a net for the capture 
of its food. This net is built adjacent 
to the tube in which thelarva lives; it 
is funnel-shaped and has at its down- 
stream end an opening in which is built 
a strainer. This is a beautiful object, 
consisting of two sets of regularly ! 
spaced strands of silk extending across Fig. 692.—Net of H. meant oat 
the opening at right angles to each 
other (Fig. 692). These nets are often built in crevices between 
stones; but fully as often they are built up from a flat surface, as on 
the brink of a waterfall. In this case they are in the form of semi- 
elliptical cups, which are kept distended by the current. Much of 
the coating of dirt with which rocks in such places are clothed in 
summer is due to its being caught in these nets. Sometimes when 
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the net is built upfrom a horizontal surfaceits sides are supported by 
bits of wood. Alge,larvee,and other small animals in the water that 
passes through the net are held by the strainer and thus made avail- 
able to the caddice-worm for food. When thelarva is full-grown it 
surrounds itself with a case composed of fine sand or gravel in which 
to transform; this case is firmly cemented in place, and, in some 
species at least, is closed at each end with a silken grating. The 
instantaneous flight of the newly emerged adult when it reaches the 
surface of the water has been referred to on an earlier page. 


Famity PHILOPOTAMID2® 


The larve of members of this family are campodeiform and live in 
rapid streams. Several of them were studied by Miss Alice A. Noyes, 
but as yet an account of only one of 
them, Chimdrrha atérrima, has been 
published (Noyes ’14). This larva 
spins a delicate silken net resem- 
bling in shape the finger ofa glove. 
The average size of the net of a 
growing larva is about 25 mm. long 
and 3mm.wide. Thenetsarerarely 
found singly, but are generally 
placed five or six in a row (Fig. 693); 
sometimes they occur in great num- 
bers, completely covering the stones : our 
with a thin, flocculent mass of dirty ce: es 
silk. There is a large opening at 
the end of the net facing the current, Fig. 693.—Nets of Chimarrha aterrt- 
and a smaller opening at the hind “ing ‘hatural size. (From Noyes.) 
end. The nets are fastened in place 
at the entrance; the rest of the sac 
floats freely, and is kept distended by the current. The net serves 
both as a hiding-place for the larva and as a sieve through which the 
flowing water is strained; the larva feeding on the organic particles 
that are entangled init. The full-grown larva covers itself withan 
irregular dome of pebbles in which to transform, and spins about its 
body a delicate cocoon. 


FamMity POLYCENTROPIDA 


The larve are campodeiform; they usually live in flowing water, 
but some are found in standing water. They do not build portable 
cases, but make fixed silken tubes or nets. The nets of several 
European genera have been described; for an abstract of these 
accounts, see Noyes (’14). The nets of American species have been 
described by Clark (’91), Vorhies (’09), Noyes (’:4), and Lloyd (’21). 
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“Several species of the genus Polycéntropus live in still or slowly 
flowing water with sandy or muck bottoms. These larve spin sub- 
terranean tubes of silk 
which sometimes reach 
ro centimeters in length. 
Often the tubes have one 
or more branches, and al- 
ways they contain a bulb- 
ous swelling near the 
middle in which the larva 
probably rests, and in 
which pupation takes 
place. In natural posi- 
tion the tubes are be- 
neath the ground, except 
about halfaninch which Fig. 694.—Dwelling of Polycentropus sp. (From 
projects upward into the Noyes.) 
water.” (Lloyd.) 

Two quite different larval tubes of members of this family are 
described and figured by Miss Noyes. One of these is represented 
in Figure 694. This tube is found on the under side of stones, and 
is fastened along its entire length. “It is 21 mm. long and 5.5 mm. 
wide, with an expanded opening at either end. Connected with each 
opening and along either side is a mass of tangled, silken threads, 
about 20 mm. square and loosely attached to the stone. This tangled 
mass may float partially over the tube and so obscure it.”’ 

“T have never observed the larve feeding, but do not doubt that 
Mayfly nymphs and chironomid larve become entangled in the 
meshes as they crawl about over the stones, for remains of these 
forms are abundant in the stomach contents.’’ (Noyes.) 


Famity PSYCHOMYIDA® 


The larve are campodeiform. There is no account of the life- 
history of any American species published. The European species 
do not make portable cases; but the larvee live on stones in long, 
loosely-spun galleries of silk and sand grains. They are found mostly 
in swift water, but also inhabit ponds and lakes. 


Famity PHRYGANEIDA 


The larve are caterpillar-like, and usually live in standing water 
in which plants are growing, or in slowly moving streams of spring 
water. They make portable cases which are very regular in form. 
As these larve live in quiet water, they can be fed and reared in aquaria 
where their habits can be easily observed. The most extended account 
of the immature stages of these insects is that of Lloyd (’21), from 
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which the following brief notes are compiled. This author discusses 
three species of Neuronia and three species of Phryganea. 


Neuronia.—The larve are found 
in slowly moving streams of spring 
water; rarely they are found along 
the edge of the large, warm streams 
where cool seepage enters. One 
species was found in a pond. The 
cases are cylindrical tubes of thin, 
rectangular bits of leaves arranged 
in a series of rings (Fig. 695, a). In 
the cases of old larve the rings are 
neatly fitted without overlapping; 
young larva sometimes leave the 
hind ends of the leaf-fragments pro- 
truding in long strips. Unlike other 
caddice-worms, these larve often 
abandon their cases and wander 
naked through the water. The form 
of the case indicates that they are 
not long retained; their uniform di- 
ameter proves that they are con- Fig. 695.—Cases of phryganeids: 
structed more rapidly than the di- a, case of Neuronia postica; b, 
ameter of the larva increases. When case of old larva of Phryganea 
the season for pupation draws near, ‘ili cease of young larva of 
the larve of Neuronia burrow into 
wood, or wedge themselves beneath 
bark, or in crevices, or, if the stream bottom be of clay, they may 
burrow into the soil. When entering the soil the larva stands on its 
head, with its case perpendicular to the bottom, and slowly enters, 
dragging its case with it. 


—— 
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Phryganea.—The larve live in ponds; they dwell, for the most 
part, among submerged plants above the bottom of the pond; hence 
they can be taken with a water net. They never abandon their 
cases as do the larve of Neuronia. The case is a straight tube com- 
posed of narrow strips of leaf arranged in spiral form around the 
circumference of the case (Fig. 695, 6). Young larvee often fail to 
cut the leaf-fragments used in the construction of the case into the 
rectangular form seen in the cases of old larvee; but the bases of the 
untrimmed fragments are arranged in a spiral (Fig. 695, c). In pre- 
paring to pupate, the larve leave their abode among living plants and 
travel to some submerged log or chunk of wood and burrow into it 
until the last bit of the case is concealed. This operation sometimes 
requires several days of labor. When sufficient depth is reached, the 
larva spins a silken mesh across each end of the case. 


The larva of a species of Trienodes of the family Leptoceride 
makes a case somewhat similar to that of Phryganea,; this is described 
in the account of that family. 
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Famity MOLANNIDA# 


The only members of this family the larve and cases of which 
have been described in this country belong to the genus Moldnna. 


Fig. 696.—Case of Mo- 
lanna. (After Lloyd.) 


The larve are found on sandy bottoms of 
streams and of lakes. The cases have been 
figured by several writers, and are very char- 
acteristic in form (Fig. 696). The case is made 
of grains of sand, and, has on each side an ex- 
tension, and at the head end a dorsal hood, 
which completely protects the larva when 
crawling or feeding. 


Famity LEPTOCERIDA 


The larve are caterpillar-like, and make 
portable cases. Most species live in standing 
water, as in lakes, ponds, and the bays of 
streams; but some are found in flowing water 
and on wave-beaten shores of lakes. The cases 
made by the different species differ greatly in 
form and in the materials used in their con- 


struction. Among the better-known species are the following. 


Setodes grandis.—The 
larva of this species lives 
among aquatic vegeta- 
tion in ponds and lakes. 
Its case is composed en- 
tirely. of silk and lis 
translucent, so that the 
body of the larva can be 
Seen through it. sJt, is 
cylindrical, tapering, and 
slightly curved (Fig. 697, 
a). When ready to pu- 
pate, the larva fastens its 
case tothe stem ofa plant 
with a band of silk, and 
closes the anterior end of 
the case with a silken 
membrane, in which 
there is a central slit for 
the ingress of water. 

Leptocerus ancylus.— 
The larva is found on 
stones in the riffles of 
streams and onthestones 
of wave-beaten lake 


sae 


., 
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Fig. 697.—Cases of leptocerids: a, case of 
Setodes grandis; b, case of Leptocerus 
ancylus; ¢, case of Mystacides sepulchralis; d, 
case of Trienodes. (After Lloyd.) 


shores. It makesa case of grains of sand. The larve studied by Lloyd 
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at Ithaca, N. Y., made cases in the form of curved cornucopias (Fig. 
697, 6); those found in Wisconsin by Vorhies, who first described 
the species, make a case with decided lateral flanges and a hood that 
completely covers the head of the larva. 

Mystacides sepulchralis——The larva of this species and its case 
were described by Lloyd. It was found in ponds and in slow deep 
pools of creeks; it lives among the rubbish on the bottom. The case 
(Fig. 697, c) consists of a slightly tapering tube of sand or of minute 
fragments of bark, lined with silk; it measures about 12 mm. in 
length. On opposite sides are fastened pine needles, or grass stems, 
or slender sticks, which extend beyond both ends of the case. Before 
pupation a sheet of silk with a minute perforation in the center is 
spun across each end of the case. 

Trienodes.—The larve of species of this genus live in ponds and 
bays of creeks among branches of submerged plants. They are able 
to swim rapidly from place to place through the open water. Thecase 
(Fig. 697, d) is made of thread-like fragments of leaves arranged ina 
spiral. It resembles in form the case of Phryganea (Fig. 695, b), but is 
much smaller and more flexible, and the leaf-fragments are much 
narrower. 

Famity ODONTOCERIDA 


The immature stages of only a single species belonging to this small 
family have been described in this country; the following notes re- 
garding this species are from Lloyd (’21). 

Psilotréta frontalis—The larve were found in up- 
land streams and were confined to the riffles and the 
portions of the streams with stony bottoms. ‘The case 
of the mature larva (Fig. 698) is a slightly curved 
cylinder made of sand; cases of immature larve differ 
only in being tapered toward the caudal end. The 
case of the pupa has a flat pebble set neatly within 
the aperture at each end. All spaces around these 
stones are tightly closed with heavy silk, leaving no 
apertures for the circulation of water; this is an unusual 
feature in the case-building Trichoptera. 

During their early life the larve are free-moving, 
crawling separately over the bottom of the stream. But 
in the early spring, just before pupation, the larve 
develop a remarkable gregarious habit. Almost all of 


the larve within certain areas of the stream congregate x : is be ee 
on the sides of a few selected stones in such numbers (After 
that their cases are sometimes piled one on top of another Lloyd.) 


to the depth of an inch or more, while other stones in the region are 
entirely uninhabited. The cases are always placed parallel to each 
other, with their cephalic ends directed toward the surface of the water. 


Famity CALAMOCERATIDAi 
This is a small family of which only one American larva is known. 
The habits of this species have been described by Lloyd, from whose 
accounts I quote. 
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Ganonéma americana.—The larvee were found abundant in alder- 
bordered streams. The cases made by this species differ greatly 
from those of other described American caddice- 
worms. The case is made of a single piece of wood 
or bark or a twig; this is hollowed from end to end, 
and lined with silk. Although common, they are 
most inconspicuous among the debris on the bottom 
of the stream. Figure 699 represents a case with the 
silk tube cut away, except around the larva. 


Famity LIMNOPHILID 


The larve of members of this family are cater- 
pillar-like, and are found in a great variety of 
aquatic situations, but especially in ponds and slow- 
moving streams, even in those that become dry 
during the droughts of summer; a few, Neophylax, 
are found in rapids. Many of the larve that live in 
quiet water can be kept in aquaria. 

The cases made by different members of this 
family differ greatly in form and in the materials used Fig. 699.-Case of 
in their construction; in some species the case made Ganonema 
by an old larva differs greatly from that made by it (After List 
when young. 

In several genera of this family the larvee make 
cylindrical cases of sticks and fragments of bark, 
which are very irregular in form; one of these is represented by 
Figure 700. 


To this family belong the larvee that build cases of the ‘‘log-cabin 
type’’; these are composed of sticks or of pieces of grass placed cross- 
wise of the case (Fig. 701). A case closely resembling thisin plan but 
differing in appearance is made of bits of moss. 


Among the larve that change the form of their case when full- 
grown is Limnophilus combinatus, which is described by Lloyd. Dur- 


Fig. 700.—Case of limnophilid larva. Fig. 701.—Log- 
cabin type of 
case. 


ing early life this larva frequents the grass and sedges that fringe the 
edges of streams, and makes a case of the cross-stick or log-cabin type. 
When the time for pupation draws near, it migrates away from the 
grassy area and makes a case differing entirely in appearance from 
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the log-cabin type. Some individuals make a case composed of small 
chunks of bark (Fig. 702, a); others make cases composed almost 
entirely of shells of water snails (Fig. 702, 
b). Different combinations of these types 
are frequently found. 

Some larvee of this family make cases 
of leaves; these are either fastened so 
as to form a flat case, or arranged in 
three planes so as to form a tube, a cross- 
section of which is a triangle. 

Larve of the genus Nedphylax make 
cases. of sand with large ballast stones at 
the sides; these are similar in form to 
those made by Goera calcarata of the next 
family, but are more slender, smaller, and 
made of lighter material. 


Fig. 702.—Case of Limnophilus 
FamMity SERICOSTOMATIDA combinatus. (After Lloyd.) 


The larve are caterpillar-like, and are found in streams and lakes. 
The cases made by members of the different genera 
differ greatly in form; the three following are our 
best-known examples. 

Helicopsyche borealis.—The larvee of this species 
are found in stony streams and along the rocky shores 
of lakes. They make a spiral case of grains of sand 
(Fig. 703). This case so closely resembles that of a 
Fig. 703.—Case of snail in form that it has been described as the shell 

phe Ite ae ae - of amollusk. When about to pupate, the larve fasten 

(From Lloyd.) their cases to a submerged rock; at this time they 
display a gregarious instinct, large numbers of them congregating 
within a very small area. 
They are more easily found 
at this time than in their 
earlier stages when they 
are living free among the 
sand and gravel of the bot- 
tom of the stream. 

Ha 1  Goera calcarata.—The 
arve of this species are 
# found in the riffles of 
ig streams and on stones in 
y, wave-beaten areas of lake 
WY shores, where they crawl 
over the surface of bare, 
current-swept rocks. The Fig. 705.—Case of 
Fig. US eee. tee larval case (Fig. 704) is : ney poles 
OA €T tube made of fine grains 0 | ; 
Ueyé:) sand on each side of which Bian Picyc.) 
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are fastened heavy ballast stones, usually two on eacn side. 
Brachycéntrus. nigrisoma.—The larva of this species builds a 
case of theremarkable form shown in Figure 705. “It is constructed 
of minute twigs, root-fibers, and fragments of wood cut to the 
proper length to give even and straight edges, gradually diverging 
toward the anteriorend. In cross-section the outer surface of the case 
is square; the interior is lined with a cylindrical tube of tough silk.” 
“During the first six weeks of their lives the larve are active, crawling 
about in quiet eddies along the banks of streams in search of food. 
After this period they move to the center of the stream and live 
sedentary lives, with one edge of the larger end of their cases firmly 
cemented to submerged rocks or sticks. Always they inhabit positions 
on the exposed surface of their support and always they assume the 
position shown in Figure 705, protruding their heads slightly and 
extending their prothoracic legs straight forward. The mesothoracic 
legs are held upward while the metathoracic legs are extended to the 
sides. From this position they eagerly seize and quickly devour small 
larvee or bits of vegetation that float within their grasp.”’ (Lloyd.) 
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CHAPTER XXVII 


ORDER LEPIDOPTERA* 


The Moths, the Skippers, and the Butterflies 


The winged members of this order have four wings; these are mem- 
branous, and covered with overlapping scales. The mouth-parts are 
formed for sucking. The metamorphosis 1s complete. 


The members of this order, the moths, the skippers, and the 


butterflies, are well known to every ob- 
server ofnature. Their most easily ob- 
served distinguishing characteristic is 
that which suggested the name of the 
order, the scaly covering of the wings 
and body. Every lad that livesin the 
country knows that the wings of moths 
and butterflies are covered with dust, 
which comes off upon one’s fingers 
when these insects are handled. This 
dust when examined with a microscope 
is found to be composed of very minute 
scales of regular form; and when a 


wing is looked at in the same way, the Pig 796.—Part of a wing of a 


scales are seen arranged with more or 
less regularity upon it (Fig. 706). 


butterfly, greatly magnified. 


The body, the legs, and other appendages are also covered with scales. 


Kellogg.) 


Fig. 707.—Scales of Euclea delphinti. (After 


*Lepiddptera: lepido (Aeris, Nerldos), scale; pteron (wrepdv), a wing. 
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It is well known that these scales are merely modified sete. 
That is, they are setee which, instead of growing long and slender 
as sete usually do, grow very wide as compared with their 
length. Every gradation in form can be found, from that of 
the ordinary seta, which occurs most abundantly upon the body, 
to the short and broad scale, which is best seen upon the wings 
(Fig. 707). This fact was pointed out by Réaumur nearly two 
hundred years ago; and in recent times the morphological iden- 
tity of sete and scales has been established by studies of their 
development. Mayer (’96) gave a complete account of the de- 
velopment of scales and illustrated his paper by most excellent 
figures of all stages of this development. 


The structure of scales is what would be expected from the 
fact that they are modified sete, the scales, like sete, being 
hollow; and the manner of their attachment to the cuticula of 
the body and its appendages is the same as that of the sete, each 
scale being provided with a pedicel which fits into a cup-like socket 
in the cuticula. 


A striking feature of the scales of Lepidoptera is the mark- 
ings that exist on their exposed surface. These may consist merely 
d of many very fine longitudinal ridges (Fig. 707); or they may 
Fig. 708.-Scale he geries of transverse ridges between the longitudinal ones (Fig. 
_ of Seryda 708), 

constans. 
(After Kel- A cross-section of certain scales indicates that the 
logg.) ridges are produced by foldings of the outer wall (7. ¢ the 
wall of the scale that is exposed 
when the scale is in place on the 
wing). Figure 709 represents gee 
cross-sections of a scale illustrating OO GIAO I 
this condition. In some scales, 
however, the lumen of the scale 
has been filled to a considerable Fig. 709.—Cross-section of scales of Par- 
extent by chitin, and the origin of nassiug smintheus. (After Kellogg.) 
the ridges is not so obvious. 

The scales of the Lepidoptera were probably developed from that type of 
setze known as clothing hairs, and were primarily merely protective in function. 
This is doubtless their chief, if not only, function on most parts of the body, 
where they form a very perfect armor. 

The development of ridges on the surface of scales adds greatly to their 
stiffness, and thus increases their efficiency as a protective covering, as the 
corrugations in the sheets of iron used for covering the sides of buildings add to 
the stiffness of the metal. 

Upon the wings a covering of rigid scales would serve not merely to protect 
the wings but would tend to stiffen them, and thus arose a secondary function of 
scales which has resulted in the perfecting of their arrangement upon the wings in 
the more specialized members of the order as already indicated. 


There are great differences among the insects of this order regarding the regu- 
larity of the arrangement of the scales upon the wings. With some of the more 
generalized moths the scales are scattered irregularly over the surface of the 
wings. But if a wing of one of the more specialized butterflies be examined witha 
microscope, the scales will be found arranged in regular overlapping rows; the 
arrangement being as regular as that of the scales on a fish or of the shingles on a 
roof. Figure 706 represents a small portion of a wing of one of the more special- 
ized butterflies, where the arrangement of the scales is most perfect. In the 
upper part of the figure the membrane is represented with the scales removed. 

Even in those insects in which a very perfect arrangement of the scales upon 
the wings has been attained, great differences in the degree of perfection of this 
arrangement exist in the two wings of the same side and in the different parts of 
the same wing. The arrangement is most perfect in those wings and in those 
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parts of each wing that are subjected to the greater strain during flight; and is 
more perfect in swift-flying species than in those of slow flight. 

The taxonomic value of these differences in the arrangement of the scales of 
the wings of the Lepidoptera, and also of the different types of scales found in 
different divisions of the order, was investigated by Professor Kellogg (’94), to 
ate extended account the reader is referred for a discussion of this phase of the 
subject. 

A secondary use of the scales of the Lepidoptera is that of ornamentation; 
for the beautiful colors and markings of these insects are due entirely to the 
scales, and are destroyed when the scales are removed. 

The various colors of insects and of other animals are produced in quite 
different ways; and classifications of these colors have been proposed based on the 
methods of their production. The literature of this subject is too extensive to be 
referred to in detail here. A most enjoyable popular account is given by Pro- 
fessor Kellogg in his ‘American Insects” (Kellogg ’08, pp. 583-614) and a de- 
tailed analysis of the methods of the production of color is given by Professor 
Tower in his ‘‘Colors and Color-Patterns of Coleoptera’’ (Tower ’03). 

Following the classification of Tower, the colors of the scales of the Lepi- 
doptera may be either chemical, physical, or chemico-physical. The chemical 
colors are produced by pigments in the scales; the physical colors are produced 
either by reflection, refraction, or diffraction of light; and the chemico-physical 
colors are produced by either a reflecting, refracting, or diffracting structure 
overlying a layer of pigment. There are also what Tower calls combination 
colors due to a combination of the causes just mentioned. 

As the production of colors by pigments is the most obvious method in nature, 
it is the one to which the colors of the Lepidoptera are commonly attributed. 
But it is now well known that a large proportion of the most beautiful colors of 
these insects are either physical or chemico-physical; this is true of the various 
metallic and iridescent colors so commonly found in butterflies and many moths. 

Explanations of the methods of production of physical colors are given in text- 
books on physics; it is, therefore, only necessary here to point out a feature in 
the structure of the scales of Lepidoptera that results in the production of these 
colors. This feature is the presence of the fine longitudinal striz described 
above. Whenthestriz are very fineand close together they act inthesame way as 
does a diffraction grating, producing the beautiful iridescent colors. Kellogg 
(94) found that on certain scales from a species of Morpho the strie were from 
.0007 mm. to .00072 mm. apart, or at the rate of about 35,000 to an inch. 

The fact that certain colors are due to the way in which light is reflected 
from the scales can be shown by the following experiment. Place on the stage of 
a microscope the wing of a bright blue butterfly, and shade the specimen so that it 
is viewed only by transmitted light from the mirror of the microscope; when 
examined in this way the blue color will be absent. This is due to the fact that the 
light passing directly through the scales is not broken up, and only the colors 
produced by pigment are visible. 

There is still another function of the scales of Lepidoptera; they may serve as 
the outlets of scent glands. As the scales that serve this purpose are found 
chiefly on the wings of males, they have received the special name of androconta, 
signifying male dust. See page 100. 
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Inthesuborder Jugatz and in sls et 
some of the more generalized SS 
families of the suborder Frenate, 
there are, inaddition to the more 
obvious sete and scales, many 
very small, hair-like structures, 
which differ from setz in being di- 
rectly continuous with the cu- 
ticula, and not connected with it Fig. 710.—Part of a wing of an aculeate 


by a joint (Fig. 710); these are ~ tnoth, with most of the scales re- 
termed the fixed hairs or acule@. moved so as to expose the aculee. 
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They are so small that they can be seen only by theaid of a micro- 
scope, and being covered by the scales they can be seen only in 
bleached and stained or denuded wings. 

In the more generalized members of this order, the venation of 
the wings corresponds quite closely to the hypothetical primitive 
type. The most striking divergence from this type is the fact that 
vein M is only three-branched. This is probably due to a coalescence 
of veins M,and Cu. If this is true, the vein that is commonly desig- 
nated as vein Cu; is really vein M, plus Cu; but for the sake of 
simplicity it seems best to designate it ordinarily as vein Cu. Fora 
detailed discussion of this problem, see ‘““The Wing’s of Insects,’’ pp. 

45337 
Although the wings of Lepidoptera, except in certain specialized 
forms, are broadly expanded, there are but few cross-veins, and nor- 
mally no accessory veins. 

In the more specialized members of this order the number of the 
wing-veins is reduced. This reduction is due in some cases to the 
atrophy of a vein or veins, as, for example, the loss of the main stem 
of vein M in many families; in other cases, it is due to the coalescence 
of adjacent veins, as, for example, the reduction of the number of 
branches of radius or of media which has taken place in many 
members of the order. 

In many genera of this order the branches of radius of the fore wings 
anastomose so as to form one or more closed cells; these have been 
termed accessory cells. 

There are several methods by which the fore and hind wings of 
Lepidoptera are held together in flight, in order to insure their 
synchronous action. In the suborder Jugatz the posterior lobe of 
the fore wing functions either as a jugum (see p. 61) or as a fibula 
(see p. 62). In most moths the wings of each side are united by a 
frenulum (see p. 61). In 
some moths and in the 
skippers and butterflies, 
the humeral angle of the 
hind wing is greatly ex- 
panded and projects be- 
neath the fore wing; this 
insures the synchronous 
action of the two wings 
and renders a frenulum 
unnecessary; in these 
forms, which doubtless 
descended from frenate 
Fig. 711.—Wings of Obrussa ochrefasciella, male. @Ncestors, the frenulum 

(After Braun.) has been lost. 

The frenulum when 
well developed consists of a bunch of bristles situated at the base of 
the costa of the hind wings, on the costal sclerite. As a rule these 
bristles are separate in females, and consolidated into a single strong, 
spine-like organ in males. 
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_ In some of the more generalized Lepidoptera there is a series of 
slightly curved, spine-like seta on the costa of the hind wing near the 
base, whichaid in holding the wings together. These setz lie beyond 
the costal sclerite, not on it as*does the frenulum; they are termed 
by Braun (19) the costal spires. The frenulum and costal spines 
are both present in some moths (Fig. 711). 

In many moths, and r tp gd 
especially in the Noc- b ta 0 ' el 
tuide, the fore wings are : +==5 ; 
marked by transverse - : : = Ss ; 
lines or bands, and by == 7 == 3 
spots that are so uniform = : 
in position in different 
species that they have 
been given names, which 
are used to designate 
them in the descriptions SS 
of those species in which ; : 
they occur. Figure 712 ; : . 
is a diagram of a fore Fig. 712.—Diagram of a fore wing of a noctuid moth. 
wing of a noctuid moth The lettering is explained in the text. (After 
indicating the positions Crosby and Leonard.) 
of the named lines or bands and spots. Six transverse lines or bands and three 
spots have been named, as follows: 

The basal or subbasal band (Fig. 712, b).—This is a band extending halfway 
across the wing near its base. 

The transverse anterior band (Fig. 712 t. a).—This is often designated as the 
t. a. line; in some English books it is termed the first line. 

The median line (Fig. 712, 72). 

The transverse posterior band (Fig. 712, t. p).—This is often designated as the 
t. p. line; it is the second line of English authors. 

The subterminal band (Fig. 712, s. t). 

The terminal band (Fig. 712, t). 

The orbicular or round spot (Fig. 712, 0).— This is a round or oval spot situ- 
ated in the discal cell. 

The reniform spot (Fig. 712, r).—This is a somewhat kidney-shaped spot at the 
end of the discal cell. 

The claviform spot (Fig. 712, c).—An elongate spot extending from the ¢. a. 
line toward the ¢. p. line in cell Cu. 


The typical mouth-parts of adult Lepidoptera are fitted for suck- 
ing. In some families, the members of which do not take food during 
the adult stadium, the 
mouth-parts are vestigi- 
al; and in one family, 
the Micropterygide, 
which is doubtfully in- 
cluded in this order, the 
mouth-parts are of the 
mandibular type. 

In those families in 
which the typical form 
of the mouth-parts’ is 

Fig. 713.—Maxille of the cotton-moth, well shown, the only 

and the tip of the same enlarged. | parts of these organs that 
are well developed are 
the maxille and the palpi, the other parts being either absent or 
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reduced to mere vestiges. When a one pair of palpiare developed 
: they are the labial palpi; 
when maxillary palpi are 
present they can be dis- 
tinguished by their at- 
tachment to the maxille. 
If the head of a but- 
terfly or of a moth in 
which the mouth-parts 
are not vestigial be ex- 
amined, there will be 
found a long sucking- 
tube which when not in use is coiled on the lower side of the head be- 
tween two forward-projecting appendages. This long sucking-tubeis 
composed of the two maxillz, greatly elongated, and fastened to- 
gether side by side. In Figure 713 there is represented a side view of 
the maxille of a moth; and in Figure 714 a cross-section of these 
organs. Each maxilla. is furnished with a groove, and the two 
maxilla are so fastened together that the two grooves form a tube 
through which the liquid food is sucked. As a rule the maxille of 
insects of this order are merely fitted for extracting the nectar from 
flowers, but sometimes the tips of the maxilla: are armed with spines, 
as shown in Figure 713. This enables the insect to lacerate the tissue 
of ripe fruits and thus set the juice free, which is then sucked up. 
Many moths do not eat in the adult state; with these the maxille 
are wanting. The two forward-projecting organs between which the 
maxillz are coiled when present are the labial palpi. In some moths 
the maxillary palpi are also developed. 


The compound eyes are large and are composed of many small 
ommatidia. The ocelli, when present, are two in number; they are 
situated one on each side, above the compound eye and near its mar- 
gin; the median ocellus is lacking throughout the order; and in the 
butterflies, the skippers, and some families of moths, all of the 
ocelli are wanting. 

The antenne are always conspicuous; they differ greatly in form 
in different divisions of the order, and, therefore, furnish characters 
that are much used in the classification of these insects. In some 
families the basal segment of the antenne is greatly enlarged and forms 
what has been termed the eye-cap. 


The prothorax is small, being reduced to a collar between the head 
and the wing-bearing segments. In many of the more specialized 
Lepidoptera the pronotum is produced on each side into a flat lobe 
which in some cases is even constricted at the base so as to become 
a Stalked plate; these lobes are the patagia. 

The legs are long and slender. In some families the front tibie 
bear on their inner aspect a mobile pad; this is termed the epiphysis; 
in some cases, at least, it is a combing organ used for cleaning the 
antenne. 


A special feature of the abdomen is the presence in the female 


Fig. 714.—Cross-section of maxille. 
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of a bursa copulatrix; that of the female of the milk-weed butterfly 
is figured on page 160. 


Close to the junction of the thorax and abdomen there is, in the majority of 
Lepidoptera, a pair of organs, which are known as the tympana. These are situ- 
ated on each side near the:first abdominal spiracle. Several types of these organs 
have been described by Forbes (16) and by Eggers (’19), which are characteristic 
of certain families and groups of families. 

The first type is that of the Geometride; it appears superficially as a hollow 
bulla located immediately below the spiracle, opening forward against the coxa of 
the hind leg. Some Pyralidz have rudimentary tympana in the same position. 

The second type is likewise wholly on the abdomen, but it is higher on the 
body, and its opening faces backward towards the second abdominal segment. 
It characterizes the Thyatiride and Drepanide. 

The third type presents a variety of appearances. Its essential part is a mem- 
branous disk, the tympanum proper, on the metathorax just below the root of 
the wing. In the Dioptide, Notodontide, Agaristide, and a few noctuids and 
lithosians, the disk lies exposed or is merely sunk in a pit at the junction of the 
thorax and abdomen. In other moths having this type of tympana the disk is 
covered by a hood formed by the side of the first segment of the abdomen; in 
the Arctiidae, Pericopide, Liparide, and the subfamily Herminiine of the Noc- 
tuide, this hood lies subdorsally, wholly above the spiracle; while in the majority 
of the Noctuide it is lower and incloses the spiracle, in some cases (Euteliine, 
etc.) being supplemented by a second hood formed by the alula of the hind wing. 

The function of the tympana is probably auditory, as Eggers has described 
chordotonal organs in connection with them in several families. 


In the Lepidoptera the metamorphosis is complete. The larve 
are known as caterpillars; they vary greatly in form and appearance, 
but are usually cy- 
lindrical, and pro- 
vided with from 
ten to sixteen legs, 
—six thoracic legs 
and from four to 
ten abdominal legs. 
The thoracic legs 
have a hard exter- 
nal skeleton; -and 
are jointed, taper- 
ing, and armed at 
the end with a little 
claw. The abdom- 
inal legs, which are 
shed with the last 
larval skin, are 
thick, fleshy, with- 
out joints, elastic 
or contractile, and 
armed at the ex- 
tremity with nu- , 
merous minute Fig. 715.—Larva of a hawk-moth. 
hooks (Fig. 715); 
they are termed prolegs. When all five pairs are present they are 
borne by the third, fourth, fifth, sixth, and tenth abdominal segments. 
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The hooks or crotchets with which the prolegs of caterpillars are 
armed vary in their arrangement in different families and thus afford 
useful characters for the classification of these larve. ‘These hooks 
are usually arranged in a circle or in rows on the tip of the proleg. 
When they are in a single row or series, they are said to be uniserial; 
when in two concentric rows, biserial; when in several rows, multi- 
serial. When the hooks of a row are uniform in length throughout 
or shorter towards the ends of the row, they aresaid to be uniordinal; 
when they are of two alternating lengths, biordinal; when of several 
lengths, multiordinal. The tip of a proleg on which the hooks or 
crochets are borne is termed the planta. t 

In most lepidopterous larve the clothing of setze 1s comparatively 
inconspicuous; such larvee are commonly termed naked in contra- 

distinction to the 

hairy caterpil- 

lars. But in the 

so-called naked 

larvee, each seg- 

ment ofthebody, 

¢ when not too 

highly special- 

ized, is armed 

G with a definite 

Fig. 716.—Types of setiferous tubercles. (a and b from number of sete 

Dyar.) which occupy 

definite posi- 

tions. Each seta is borne on a small chitinous tubercle; the number 

of these setiferous tubercles and the positions they occupy differ in the 

different families, and, therefore, afford characters which are much 
used in the classification of Lepidoptera. 


The small tubercle bearing a single seta (Fig. 716, a) is evidently 
the primitive form of setiferous tubercle; for it is the only form found 
in the more generalized families. In some of the more specialized 
families the tubercles are larger and many-haired (Fig. 716, b); this 
type of tubercles is termed a verruca; it is characteristic of the so- 
called hairy caterpillars, as, for example, the larvae of most of the 
Arctiidae. Inthelarve of the Saturnioidea and of certain butterflies, 
some of the tubercles are spinose projections of the body-wall (Fig. 
716, c); such a projection is termed a scolus. 

Some caterpillars are clothed with more or less numerous sete 
which are scattered and which have no constant position; such sete 
are termed secondary sete, in contradistinction to those borne on 
setiferous tubercles which are of a definite number and occupy definite 
positions; these are termed primary sete. Among the setiferous 
tubercles that are constant in position, there are a few that are not 
present in the first instar of generalized groups; although the setz 
borne by these tubercles are regarded as primary seta when con- 
trasted with secondary sete, they are distinguished from those found 
in the first instar as subprimary sete. 
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In order to make use of the primary and subprimary sete in 
classification, it is necessary that each of these setee should be desig- 
nated by a distinctive term. The terminology most generally used 
is that proposed by Dyar (’94), who was the first author to base a 
classification of lepidopterous larve on the variations in the arrange- 
ment of the setiferous tubercles. 

The terminology of Dyar was based on astudy of the tubercles 
of the abdominal segments. He recognized on each side of each ab- 
dominal segment, except the last two, eight tubercles, which he 
numbered with Roman numerals beginning with the one nearest the 
middle line of the back; the number VII was applied to a group 
of three tubercles on the outside of the proleg, or in a corres- 
ponding position in the legless abdominal segments. Subsequent 
studies, and especially those by 
Forbes (10) and Fracker (’15), 
have revealed the presence of 
setiferous tubercles not num- 
bered by Dyar. Figure717,b, 
represents the arrangement of 
the tubercles of a middle ab- 
dominal segment of a noctuid 
larvaas figured by Forbes. The 
tubercles are numbered ac- 
cording to the terminology of 
Dyar, with the addition of 
tubercles X, IIIa, and IX, not 
figured by Dyar.* 

The arrangement of the 
setiferous tubercles on the 
thoracic segments of any cater- 
pillar differs to a considerable 
extent from that on the ab- 


Fig. 717—Arrangement of setiferous tu- 
bercles in a noctuid larva: a, tubercles 


dominal segments of the same of a metathorax; b, tubercles of a 
insect. In Figure 717, arepre- middle abdominal segment. (After 
sents the arrangement of the Forbes.) 


tubercles on the metathorax and b that of the tubercles of a middle 
abdominal segment of a noctuid larva as figured by Forbes (’r10). 
This writer also figures and numbers the sete on the head of a 
caterpillar. 

Fracker (’15) made an extended study of the classification of 
lepidopterous larvee, which was based quite largely on the variations 
in the number and positions of the setiferous tubercles; and his 
paper is illustrated by a large number of setal maps. This writer 
proposes a new terminology for the sete, using Greek letters instead 
of Roman numerals. 


*In diagrams indicating the arrangement of setiferous tubercles, one side ofa 
single segment is represented as if cut on the mid-dorsal and mid-ventral lines, 
and laid flat. The anterior edge is to the left, and the mid-dorsal line at the up- 
per edge. In Figure 717 the positions of the spiracle and of the legs are also 
indicated. 
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Schierbeck (’16 and ’17) proposes still another terminology for 
the setz, applying a Latin name to each. 

Most caterpillars, except, as a rule, the larve of butterflies, 
spin a cocoon. In some instances, as in the case of silk-worms, a 
great amount of silk is used in the construction of the cocoon; in 
others the cocoon is composed principally of the hairs of the larva, 
which are fastened together with a fine web of silk. 


The pupz of the Lepidoptera are typically of the obtected type; 
that is, the developing wings, legs, mandibles, maxille, and antenne 
are glued to the surface of the body (Fig. 718); but in some of the 
more generalized forms these appendages are free. In the Micro- 
jugatz, which are provisionally in- 
cluded in this order, these append- 
ages are free, the pupz resembling 
those of the Trichoptera; but in the 
Hepialide the appendages are glued 
to the surface of the body as in the 
specialized Frenatze. In some of the 
more generalized Frenatz, as the 

Fig. 718.—Pupa of a moth. Nepticulide, and in the Heliozelide, 

the appendages are all free; between 

this condition and that of the truly obtected pupa of the more 
specialized Frenatz, various intergrades exist. 

The pupz of this order vary also in the number of segments of the 
body that aremovable. The eighth, ninth, and tenth abdominal seg- 
ments are always fixed. All of the other segments are movable in 
the most generalized forms, and all are fixed in the most specialized 
forms; there are various intergrades between these two extremes. 

Different pupz of this order differ also in various other ways, 
thus affording characters that are of taxonomic importance. It is 
only recently that these characters have been used in an extended 
eee A pioneer paper in this field is that of Miss Edna Mosher 

'16). 

More than nine thousand species of Lepidoptera are known to 
occur in America north of Mexico. These represent two suborders 
and seventy families. 

In popular language the Lepidoptera includes two quite distinct 
groups of insects, the moths and the butterflies. Under the term 
moths are included all of the members of the first suborder, the 
Jugate, and the larger number of the families of the second suborder, 
the Frenata; under the term butterflies are included the remaining 
families of the suborder Frenate. These two groups are distinguished 
as follows. 


The moths.—These are the insects that are commonly called millers. 
Most of the species fly by night and are frequently attracted to lights. 
When at rest the wings are either wrapped around the body, or 
spread horizontally, or folded roof-like on the abdomen; except 
in a few cases they are not held in a vertical position above the body. 
The antenne of moths are of various forms; they are usually thread- 
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like or feather-like; only in rare cases are they enlarged towards the 
tip. The moths have been termed the Heterocera* by many ento- 
mological writers, in contradistinction to Rhopalocera,* a term ap- 
plied to the butterflies. 

The butterflies —All of our species of butterflies fly in the daytime; 
and, with few exceptions, they fold the wings together above the 
back in a vertical position when at rest. The antenne are thread-like, 
and usually with a club at the tip. It was this feature that suggested 
the term Rhopalocera, which is applied to them. 

The group butterflies as defined here includes the representatives 
of two quite distinct superfamilies, the Hesperioidea or skippers, and 
the Papilionoidea or true butterflies. The distinctive characters of 
these two superfamilies are discussed later. 

The division of the Lepidoptera into moths and butterflies is an 
artificial one, the group moths including representatives of both of 
the two suborders into which the order is divided, as indicated above. 
In the natural classification, the primary division of the order is 
based on differences in the method of uniting the two wings of each 
side, and on differences in the venation of the hind wings. In one 
suborder, the Jugatz, the posterior lobe of the fore wing is specialized 
so as to form an organ, a jugum ora fibula, which unites the fore and 
hind wings; and the venation of the hind wings is similar to that of 
the fore wings. In the other suborder, the Frenatz, the two wings 
of each side are united by a frenulum in the more generalized forms 
and by a substitute for a frenulum in certain specialized forms; and 
the venation of the hind wings is quite different from that of the fore 
wings. 

Hiibner’s Tentamen.—At some undetermined date, but previous to 1810 and 
probably in 1806, Jacob Hubner distributed a two-page work, giving a classifica- 
tion of the Lepidoptera. This work is commonly known as “Hibner’s Tenta- 
men,”’ tentamen being the first word in its long Latin title. Entomologists differ 
regarding the standing of this work; some believe that it was merely privately 
printed, while others regard it as a published work and adopt the generic names 
that were used init. This difference of opinion is the cause of serious confusion in 
the names of certain genera and families. It seems to the writer that the evi- 
dence supporting the view that the ‘‘Tentamen’’ was published is conclusive. 
See ‘‘Entomologists Record and Journal of Variation,” Vol. 31 (1919), Supple- 
ment. 
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The families comprising this order are grouped in various ways by different 
writers; none of these groupings can be regarded as final in the present state of our 
knowledge. The following provisional arrangement has been adopted for use in 
this book. ; : 

A. THE JuGATE LePpmIpopTeRA.—Moths in which the two wings of each side are 


United yaa juzUMon byga MDMA. 502s neniise nei SUBORDER JUGATA 
B. THE MICROJUGATA. ; 

C. The Mandibulate Jugates. p. 592........... Family MicRopTERYGIDE 

C@yiheshlaustellates |usates wp. 5939-1 Family ERIOCRANIIDA 
BB. THE MAcrojuGAT&. 

ado. (\yrlilite) Gok. GUE Gnacunonn coe vendo ddecouaCecbar’ Family HEPraLipa 


*Heterdcera: hetero (érepos), other, different; ceras (xépas), a horn. 
*Rhopaldcera: rhopalon (pra dov), a club; ceras (xéoas), a horn. 
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AA. Tue FRENATE LEPIDOPTERA.—Moths, skippers, and butterflies in which the 
two wings of each side are united by a frenulum or by its substitute, a large 


humeral area of the hind wings. p. 


Suborder FRENATZ 


596 g 
B. THE GENERALIZED FRENAT#.—Moths that are supposed to retain more 
nearly than other Frenatz the form of the primitive Frenatz, those that 


were the first to appear on earth. y ons 
C. Tue AcULEATE FRENAT&.—Moths in which the aculez are distributed 


over the general surface of the wings. 


The 


ING hinENEss (Oh EOliAoccomonncaocooseenoped Family INCURVARIIDZ 


Maxey Neos lee Gls, COO oo cccerecovugoecococotec Family NEPTICULIDE 
CC. THe Non-ACULEATE GENERALIZED FRENATAE.—Moths in which the 
aculeze are confined to small areas of the wings or are absent. 


The Carpenter Moths, p;O0ly..: me wee bese) oe ee Family Cossip& 
Ante, ‘Sraarelgi7 MIO NS jC e.g no wos ococonopagomcc Family PYROMORPHID 
hem Dalceridsye pal005 ieee ee eerie Family DALCERIDZ 
The Mlannel-moths pig O00 serial ie: Family MEGALOPYGIDA 
Them Slug-caterpillar-moths. |p. 608.0... 465 = Family EucLEIDz 
ANatey IjeshonopOtEs, (Os OUOES de adienson ARCO Ceb oor Family EprpyRoPip2 


BB. THE SPECIALIZED FRENAT&.—Moths, skippers, and butterflies that de- 
part more widely than do the Generalized Frenate from the primitive type of 
Lepidoptera, being more highly modified for special conditions of existence. 
An indication of the specialized condition of these insects is the modified 
form of the wings. In nearly all the base of vein M has been lost and the 
branches of this vein joined to veins R and Cu. 

THE SPECIALIZED MICROFRENAT&.—Frenulum-bearing moths which are 
usually of small, often of minute, size. In many of these moths the anal 
area of the hind wings is not reduced, having three anal veins; in some 
others the hind wings are very narrow and a broad fringe acts as a sub- 
stitute for the membrane of the anal area. 


ThevAcrolophidss py Gikeeeer eis eects aetelsierstee Family ACROLOPHIDE 
The /Pineids.y ps6 1 Vad riser bane or tereey ach stelal svete tts Family TINEIDZ 
AM skeyeornam IMMOMeG TOS OU. n onc aescado500 done Family PsycHipa& 
ANNE AVECMOMORS, (Oy UES oo woocacug couche ago sds Family TIsCHERIIDA 
ANG Whayoransenls, 70, (WO osaccsnoonosdooetecoung Family LYONETIIDA 
AMne Cresucaik, “Ts Gi/ocassaoccocunscacvcome Family OPposTEGIDa& 
Ablares (Oxo, GD Ghee ca contocccamoouesaase Family OINOPHILID 
Aas Crecilernies, jo, KOIY/sdcacahooocosdas adoo oc Family GRACILARIIDA 
hes Colcophoridsae pO2Oun tee eee et Family COLEOPHORID® 
Anes WIECMEGGE, Ws Cle oomccann oddoueacaan sass Family ELACHISTIDA 
(NOS IsiSioveShGS, To C8. oo ccccsounencnoceuacnoe Family HELIozELIDAa 
Aine ADYoyorsibight6, Tek C234 nono umadcon come scomse Family DouGLAasupa 
hem cophorids ae pmO24\ar errant eee ere Family C&coPpHoRIDa 
Aas (Daonmbik, GOs. CA og sao ao cigs Sob otro need Family EtTamipa 
ANNE (Swsrevoroaioky, os GH ok bononusanpdovabocnvowe Family STENOMIDA 
ines Gelechiidsig ps 625s. misieiini iene ierene ree nee reer Family GELECHIDA 
hem Blastobasid samp a2 6 qian een eee Family BLASTOBASIDA 
The (Cosmopterycidsea ps O29 em reas Family COSMOPTERYGIDA 
‘The: Seytaridids: p.. 631%. etre Se ee Family SCYTHRIDIDA 
The Yposomeutidssp)6grsun wien eee gee Family YPONOMEUTIDA& 
‘hes Plubellidssp? 632.4 annie Corte eee ere n Family PLUTELLIDA 
‘Then Glyphipterygids.1 pal 033 an. eee Family GLYPHIPTERYGIDA 
ANaxs: Iolelnoyshnaishs, TO, CBVke a onda acooctodsoesuvave Family HELIoDINIDz 
ines Clear=winzedotlice pa Os4 sents eee Family A2GERUD 
Superfamily TorTRICOIDEA 
Aine (QemAGEMC, (Ds CBOs sosqaaccedoosenscce Family OLETHREUTIDA 
dae Dypicali Vortricids. p. 642.6 ak yase, ee ..Family Tortricipa 
The? Phaloniids., 7.5643 othe. ae eee: ene Family PHALONIIDa 
hem Carposinidcst)-mxO4 4 er tee ae ern Family CARPOsINIDa 


CC. THE PyRALIDS AND THEIR ALLIES 
Superfamily PyRALIDOIDEA 
Thee Pyralids pa O4 1 sere hae nee Family PyrRALipipa@ 
AMS IPherenSoieO Wes, joy CSPoodacoavonccevone Family PTEROPHORIDA 
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The Many-plume Moths. p. 653.025. .0.00000 Family OrNEopIDa 
The Window-winged Moths. p. 653........... Family THyripipa 
sib egiivipcidswepen OSGi aes peecibr de 2 arene iy Family Hysirama 


CCC. THE SPECIALIZED MACROFRENATA.—Specialized Frenate 
which are usually of medium or large size. This division includes certain 
moths and all skippers and butterflies. In these insects the anal area of the 
hind wings is reduced, containing only one or two anal veins. 

D. The Frenulum-conservers.—Specialized Macrofrenate in which the two 
wings of each side are typically united by afrenulum; but in some highly 
specialized genera o* some families (Sphingide, Geometridz, and Dre- 
panidz) the supplanting of the frenulum by an expanded humeral angle 
of the hind wing is either far advanced or complete. This group of 
families includes only moths. 


The hawk-moths or sphinxes. p. 655.......... Family SPHINGIDA 
Superfamily GEOMETROIDEA 
phe Greometrids tap meOO lm ae ner eta eae ae Family GEOMETRIDA 
rbhemNianidiids: pp sgn 7amn mee sets felons eae Family Manrpiipa 
THE NocTuIDS AND THEIR ALLIES 
ERheaDiOptidsy pwO7s mee ee ere en ase as Family Diopripa 
Giais Wergeyaavemernisy 105 Cy Place, cit coupon ooued Family NoropontTIpA& 
athe eenissOCk=mO hss puO7 Ques cemie ste. betes Family LYMANTRIIDA 
PLhemNoctiids pe O83 Seam ta. utn oe Ghats Family Noctuip 
ERhes Morestercn p50 7 ert sees eee oe Family AGARISTIDA 
DhemsPencopidsMeps: OOS pataaa. et eee Family PERICOPIDA 
WE MAcC CGS en sme OOO Mami steele ay tae te Family ARcTIIDA 
bes Huchromidsie paris eee: Family EucHromipa& 
hae UpterOuidssy pia O7ame ae cise eee sts Family EuUPTEROTID 
phew piplemids 5 poe 7OSspe eet a. wine erin Family EpirpLEMIDa 
Live we Lb ya birt Sen 700 satel toeee sorte sete ee Family THyATIRID& 
Them Drepanids.| ps7. LO nse. + tee ee ites Family DREPANIDZ 


DD. The Frenulum-losers—Specialized Macrofrenatez, in which the 
frenulum has been supplanted by a greatly extended humeral area of 
the hind wings. In some of the more generalized forms a vestigial 
frenulum persists (Bombycide and Lacosomide). This division in- 
cludes three groups of families: the Frenulum-losing moths, the skip- 
pers, and the butterflies. The grouping together of the families in- 
cluded in this division is merely provisional, as doubtless the loss of the 
frenulum has arisen independently several times. 

E. The Frenulum-losing Moths——In these moths the antenne are 
usually pectinate; they are never enlarged into a club at the tip. 


hive acosona1dss, 5) 7 lem. as ae iareraietele sleoisie- Family LAcosomMibss 
Superfamily SATURNIOIDEA = 
hem Royal-motlsasDsn7 05. msttentssis« ....-Pamily CITHERONIIDA 
The Giant Silk-worms. p. 719........ So waa Family SATURNIIDA 
em oil awOrimSanuDen 727 seri sieieloiecieisreleisre oot Family BomByctDé 
Mhemlsastocam pldsea Die 72S merece elsisicrins Family LAstocAMPIDés 


EE. The Skippers——These are day-flying Lepidoptera which resemble 
butterflies in usually holding their wings erect when at rest, but are 
distinguished by the peculiar venation of the fore wings, vein R being 
five-branched, and all of the branches arising from the discal cell. 
The antenne are enlarged into a club towards the tip. 

Superfamily HEsPERIOIDEA 
“Ahnve) (Chenaly Sieyeyerensh fob GEeI6 oc oon ooo uo Ld Family MEGATHYMIDA 
MhesCommonmokip pers pe 7340 eet eres Family HrsPERIDA 


EEE. The Butterflies —Day-flying Lepidoptera that hold their wings 
erect when at rest, that have clubbed antenne, and that differ from 
the skippers in the venation of the fore wings, some of the branches of 
vein R coalescing beyond the discal cell. 


Superfamily PAPILIONOIDEA 
The Swallow-tails andthe Parnassians. p. 740 Family PAPILIONIDA 
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Them Preridss p11 74 4a ele entertain seer Family PIERIDZ 
The Four-footed Butterflies. p. 750....... Family NYMPHALIDA: 
Them Metal-markces pen] O7ertemiieene ete rerstars Family RIopINIDA 
The Gossamer-winged Butterflies. p. 768.....Family Lyca:nID& 


TABI ES FOR DETERMINING THE FAMILIES OF LEPIDOPTERA 
TABLE A 


A. Wingless or with vestigial wings. This division includes only females. All 
males of Lepidoptera are winged. ; he 
B. The larve case-bearers; the adult female either remains within the case to 
lay her eggs, or leaves the case and sits on the outside of it. p. 613. PsYCHIDA 
BB. The larve not case-bearers; the wingless adult not in a case. 
C. The adult female remains upon her cocoon to lay her eggs; the body of 
the adult is clothed with fine hairs. p. 679.............. LYMANTRIIDA 
CC. The adult female is active and lays her eggs remote from her cocoon; 
the body of theadult is closely scaled, or spined, or with bristling dark gray 
LMR VODs pe came Mop een ee coos be ato deco auodco tee bod GEOMETRIDAE 
CCC. In addition to the above there are some arctic species of the Noc- 
tuide and of the Arctiide in which the wings of the females are vestigial. 
AA. With well-developed wings. ; : , 
B. Fore and hind wings similar in form and venation, the radius of the hind 
wings being, like that of the fore wings, five-branched (Suborder JUGAT#). 
C. Minute moths resembling tineids in appearance. 
D. Adult moths with well-developed functional mandibles; subcosta of 
the fore wings forked near its middle. p. 592........-. MICROPTERYGIDA 
DD. Mandibles of the adult vestigial; maxilla formed for sucking; 
subcosta of fore wings forked near its apex. p. 593... ..ERIOCRANIIDH 
CC. Mothsofmediumor large size, without functional mouth-parts. p. 594 
Her tO Nita, Lat tie i ernie: aaa Rtn eeaeriptre WELT 2 roc HEPIALIDA 
BB. Fore and hind wings differing in form and venation; the radial sector of 
the hind wings being unbranched, and vein R; of the hind wings usually 
coalesced with vein Sc (Suborder FRENAT#). 
C. Antenne of various forms, but rarely clubbed as in the skippers and 
butterflies; if the antenne are clubbed the hind wings bear a frenulum. 
D. The fringe on the inner angle of the hind wings as long as, or longer 
than, the width of the wing; the hind wings often lanceolate, but 
never fissured. (Microfrenatz.) Pass to Table B. 
DD. Hind wings much broader than their fringe,and not lanceolate. 
E. Wings fissured deeply. 


F. Each wing divided into six lobes. p. 653........ ORNEODID 
FF. Wings never more than four-lobed; usually the fore wings. 
bilobed and the hind wings trilobed. p. 652...... PTEROPHORID& 


EE. Wings not fissured or the front wings slightly fissured. 

F. Fore wings very narrow, the width at the middle less than one- 
fourth the length of the wing; a considerable part of the hind 
wings, and in many cases of the fore wings also, free from scales; 
inner margin of fore wings and costal margin of hind wings with a 
series of recurved and interlocking spines. p. 634..... ALGERIUDA 

FF. Wings scaled throughout, or if clear with the fore wings trian- 
gular in outline; wings not interlocking at middle with series of re- 
curved spines. 

G. With a double series of enlarged and divergent scales along 
vein Cu of the hind wings below; wings, body, and legs very 
long, (Agdisiist)” Ds O52. Mote ee tet e ee PTEROPHORIDA. 

GG, Without such scales on vein Cu of the hind wings. 

H. Hind wings with three anal veins. Care must be taken not 
to mistake a mere fold in the wing for a vein. When there is 
no thickening of the membrane of the wing along a fold, it is 
not counted as a vein. 
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I. Veins Sec + Rrand Rs of the hind wings grown together for a 
greater or less distance between the apex of the discal cell 
and the apex of the wing, or in some cases separate but verv 
closely eveniee oP: GAAS ee. ahas Teese PYRALIDIDA 

II. Veins Sc + R, oats Rs of the hind wings widely separate 
beyond the apex of the discal cell. 

The fringe on the anal angle of the hind wings con. 
siderably longer than elsewhere (sometimes not obviously 
so in rubbed specimens); the spurs of the tibia more than 
twice as long as the width of the tibia. (Microfrenatz.) 
Pass to Table B 

JJ. The fringe on a anal angle of the hind wings not longer 
than elsewhere or but slightly so; the spurs of the tibiz 
about as long as the width of the tibiz. 

K. Veins Sc + R, and Rs of the hind wings grown to- 
gether to near the end of the discal cell (Fig. 734), or 
anastomosing beyond the middle of the cell (Fig. 730). 
L. Small moths, chiefly of a smoky black color, with 

thinly scaled wings. p. 604........ PYROMORPHID 
LL. Moths of medium size, and densely clothed with 
ie woolly hairs, which are light-colored or brown. 

GOO ack Woe eeiera «, Bas eset tiae Seo MEGALOPYGID& 

KK? ‘Veins Sc + R,and Rs of the hind wings separate or 
grown together for only a short distance. 

L. ist and 2d anal veins of the fore wings united by a 

cross-vein. 

M. Accessory cell present (Hypoptine). p. 603. 

Pernt Ler pete hate oak tee e Cossip& 

MM. Accessory cell absent. p. 613...PSYCHIDa 

LL. ist and 2d anal veins not united by a cross-vein. 

M. Vein M; of the fore wings arising from the discal 

cell nearly midway between veins M; and M,. 

N. Vein M; of both fore and hind wings coalesced 

with vein Cu, for a considerable distance beyond 

the end of the discal cell. p. 673....D1opTip# 

NN. Veins M; and Cu; not coalesced beyond the 
end of the discal cell. 

O. Veins R2 and R; coalesced at base, but 
separate from veins R, and Rs, which also 
coalesce at base. p. 7I2...... LACOSOMIDA 

OO. Veins R2, R;, R,, and R; united at base. 

i Cheat otic cn Oe et hie omnia ae BoMBYCID& 
MM. ae M, of the fore wings emerging from 
the discal cell nearer to cubitus than to radius, 
causing cubitus to appear four-branched. 
N. Fore wings with an accessory cell. 

O. Moths with heavy, spindle-shaped bodies, 
and narrow, strong wings. p. 601. CossiIp& 

OO. Moths in which the body is slender and the 
wings are ample. 

P. Wings ample (fore wings not half longer 
than wide) ; mouth-parts vestigial. p. 605. 
PE Ps, ong: Le ORO DALCERIDA 

PP. Wings more or less oblong, usually 
twice as long as wide; mouth-parts usually 
developed with scaled tongue. (Micro- 
frenate.) Pass to Table B. 

NN. Fore wings without an accessory cell. 


*A few of the Eucleide present these characters; but with these moths the 
wings are broad and the base of media extends through the middle of the discal 
cell, 
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O. With some of the branches of radius of the 
fore wings coalesced beyond the apex of the 
Giscalincell hep smOOSHmE erie ee- EUCLEIDZ 

OO. With each of the five branches of radius 
of the fore wings arising from the discal cell. 
PROSS i mec: Sees mers cemeerews HYBLAID 


HH. Hind wings with less than three anal veins. 

J. Fore wings with two distinct anal veins or with the anal 
veins partly grown together so as to appear as a branched 
vein. 

J. Anal veins of fore wings partly grown together so as to 
appear as a branched vein. p. 613.........- PsyCHID& 
JJ. Fore wings with two distinct anal veins (Harrisina). 
[OS] Oh eicat Nea iai Sno korcidic Aging Denaro’ PYROMORPHIDA 


II. Fore wings with a single fully preserved anal vein. This 
is the second anal vein; the first anal vein is absent or 
represented merely by a fold; and the third anal vein is 
short, not reaching to the margin of the wing, or is wanting; 
usually when the third anal vein is present it is joined to 
the second anal vein, so that the latter appears to be 
forked towards the base. 

J. Frenulum present. In most cases, the humeral angle of 
the hind wings is not greatly expanded. 

K. The five branches of radius and the three branches of 
media of the fore wings all present, and each one arising 
separate from the discal cell. p. 653....... THYRIDIDA 

KK. With some of the branches of radius of the fore 
wings stalked, or else with some branches coalesced to 
the margin of the wing. 

L. The fringe on the anal angle of the hind wings con- 
siderably longer than elsewhere. 

Veins Sc and R of the hind wings seperate, but 
usually connected by a more or less distinct basal 
part of vein R:. (Microfrenatz.) Pass to Table B. 

MM. Veins Sc and R of the hind wings fused for a 
greater or less distance. 
ING Ocelli present ap OSs eemets NoctTuiD& 
NIN; Owaillti Boxe, FOR FOMbs so odo an LITHOSIINA 


LL. The fringe on the anal angle of the hind wings not 
considerably longer than elsewhere. 

M. The basal part of vein Rx of the hind wings, the 
part extending from radius to the subcosta, ap- 
pearing like a cross-vein which is as stout as the 
other veins; veins Sc + R;, closely parallel to the 
end of the discal cell or beyond. p. 655. SPHINGID 

MM. The basal part of vein Rx of the hind wings 
rarely appearing like a stout cross-vein; when it 
does appear like a cross-vein, veins Sc + R, and 
Rs strongly divergent from the point of union of 
veins R; and Sc. 

N. Vein M, of the fore wings not more closely 
joined to cubitus than to radius, cubitus being 
apparently three-branched. 

The basal part of the subcosta of the hind 
Wings extending from the base towards the 
apex of the wing in a regular curve. 

P. Vein M, of the hind wings arising nearer to 
cubitus than to radius; vein M; of the hind 
Wings joined to radius before the apex of 
thediscalicellypa700 seer Ee THYATIRIDA 

PP. Vein M; of the hind wings either wanting 
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or present, but when present arising either 

midway between radius and cubitus, or nearer 

to radius than to cubitus; vein M, of the hind 
wing joined to radius at or beyond the apex 
of the discal cell. 

Q. Tongue (maxilla) wanting; fore wings 
with R, + ;,and R, + ;stalked together,north- 
ern species with hyaline dots on fore wings. 

DOT Als rear eee ere aeeree: EUPTEROTIDA 

00. Tongue present, often weak; fore wings 
fully scaled; usually with accessory cell, or 
ae veins R; and R, stalked together. 

OVAD Jeane oe sles lone eke NOTODONTID 

OO. The basal part of the subcosta of the hind 
wings joined to radius for a short distance and 
then making a prominent bend towards the 
costal margin (Fig. 909). (See also OOO.) 
P. Veins R; and R, of the fore wings widely 
separated from each other, stalked respec- 
tivelyawit beRGanGuRoc ma s 7.L inte Jiss aeis cls eave ere 


PP. Veins R; and R, long-stalked with each 
other, widely separated from Rs; which is 
stalked with M;. p. 708...... EPIPLEMIDA 

OOO. The basal part of the subcosta of the hind 
wings making a prominent bend into the 
humeral area of the wing, and usually con- 
nected to the humeral angle by a strong cross- 
vein (Fig. 817). 

P. Antenne clubbed. p. 673....MANIDIDz 

PRPs Anpenna nouclubbed.) ps 663 —.ssme ean 


NN. Vein M, of the fore wings more closely joined 
to cubitus than to radius; cubitus being in most 
cases apparently four- branched. 

O. Small moths, with the apex of the fore wings 
Sicklessnapeda) lupe 7lOjaee ecus tossed DREPANIDA 
OO. Apex of the fore wings not sickle-shaped. 
P. Vein Sc of the hind wings apparently ab- 
sent, being fused except at the extreme base 
with radius. Care should be taken not to 
Saas vein M,; for radius (see Fig. 897). 
FOO SAO sup omeee Tite oy sR eo Sustcier tis EvuCHROMUD 

pp. Veins Se and R of the hind wings distinct 
and parallel to the point where vein R sepa- 
rates from the discal cell, and then approach- 

ing very close or fusing forashort distance. (See 


also) PPP?) 
Q. Small moths with snow-white wings 
(QAMAMTPEO 9%, kOe poo oso eT DREPANIDA 


QQ. Moths that are not white. 

R. Vein R; of the fore wings stalked with 
veins R,; and R, (Chrysaugine). p. 644. 
Miers pote Nonercatekenedotayeks ey ehenerehesreh: PYRALIDIDZ 

RR. Vein R; free (Meskea). DS LOG iu Bice 
SEER ISR Cle ENT ISIE O RNB Ore THYRIDIDA 

PPP. Veins Sc and R of the hind wings not as 
described under PP above. 
Q. Antenne more or less thickened towards 

CGMS WE OO ce, dele. tinte le charcncters « AGARISTID 
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CQ. Antenne not clubbed. 

R. Dorsal surface of the first abdominal 
segment with two prominent rounded 
bosses, the hoods of the tympana. 
These hoods are wholly above the 
spiracles, and separated by only about 
one-third of the width of the abdomen. 
Black moths with white or yellow 
bands or spots on the wings and often 
with metallic tints. Found only in the 
Far West or in the Gulf States. p. 698. 
NPE ONT. Piste Reaustoc heen. PERICOPID 

RR. Hoods of the tympana less con- 
spicuous dorsally and more widely 
separated. 

S. Veins Sc and R of the hind wings 
extending separate, or the two joined 
for a short distance near the base of 
the wing; ocelli present. 

T. White or yellow species, with 
palpi not reaching the middle of 
the smooth-scaled front; vein Cu 
apparently four-branched in both 
fore- and hind wings (Haploa). 
Div f 00 2eSronevsle 38 cack ogi os ARCTIIDZE 

TT. Species with longer palpi, and 
vein Cu of the hind wings ap- 
parently three-branched, or species 
of a gray ground color. p. 683. 
Srattt bythe’ 6 shh Nine Meme Mg NocrulbD& 

SS. Veins Sc and R of the hind wings 
fused or closely parallel near the 
middle of the discal cell, or con- 
nected by a short-cross-vein (the 
free part of vein Ry); ocelli absent. 
(See also SSS.) p. 679. LYMANTRIIDAE 

Veins Sc and R of the hind 
wings united for one-fifth or more of 

the length of the discal cell. . 

T. Ocelli present (Arctiine). p. 700. 
5 geife cst Sree v RCan oka ah nate Naya reetrcke ARCTIIDAS 


TT. Ocelli absent. 
U. Fore wings with raised tufts of 
scales (Nolinz). p. 705. ARCTIIDAE 
UU. Fore wings smoothly scaled. 
V. Vein M, of the hind wings 
well developed and aris- 
ing slightly nearer to vein M, 
than to vein M,; (Menopsimus). 
Ps683" aetna se Nocruiw2 
VV. Vein M., of the hind 


JJ.. Frenulum absent. 
Vein Cu of both fore and hind wings apparently 
four-branched. 
L. Small moths with slender bodies, and with the apex 
of the fore wings sickle-shaped; humeral veins absent. 
Pi "710.8 Sa hers eu ee Se ee ee DREPANID& 
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LL. Moths of various sizes, but with robust bodies, 
and with the apex of the fore wings not sickle-shaped; 
hind wings with humeral veins. p. 728.LASIOCAMPID 

KK. Vein Cu of both fore and hind wings apparently 
three-branched. 

L. Robust moths of medium or large size, with strong 


WALES Sener Ll cee a eats wees rarcadl Ain oy SATURNIOIDEA 
LL. Small moths with slender bodies and weak wings 
COMIN Gels lees 2 OOS Pea eslaee GEOMETRIDAE 


CC. Antenne thread-like with a knob at the extremity; hind wings without 

a frenulum; ocelli wanting. 

D. Radius of the fore wings five-branched, and with all the branches 
arising from the discal cell; club of artenne usually terminated by a re- 
HUIAARSLINC Cen VHA CMY NAOH 1D YAS, Bo ge Pe SOR 4 oe Cone HESPERIOIDEA 

DD. With some of the branches of radius of the fore wings coalesced be- 
yond the apex of the discal cell; club of antennez not terminated by a re- 
GULVEUmNOOKIEE / HERS LLC UCCS am Dak7 3 O ctiene tie cain ince PAPILIONOIDEA 


TABLE B 
THE FAMILIES OF THE MICROFRENAT2 
Contributed by Dr. William T. M. Forbes 


A. Basal segment of the antennz enlarged and concave beneath, forming an 
eye-cap. 

B. Fore wings with radius, media, and cubitus unbranched. p. 617.OPOSTEGIDa 

BB. Fore wings with more complex venation. 

C. Discal cell of fore wings very short and trapezoidal, or absent. p. 600. 
se. SSE OEE cbc.) td Ret nee ne Orne ORC Poe are NEPTICULIDE. 

CC. Discal cell more than half as long as the wing. 
D. Discal cell oblique, its lower outer corner nearly touching the inner 
margins (A Lewsspecies only.)) p.628> jate:cs esses. BLASTOBASIDA 

DD. Discal cell central in the wing. 

E. Labial palpi minute and drooping, or absent. p. 616... LYONETIIDA 
EE. Labial palpi moderate, upcurved. (Phyllocnistis in part, and one or 
TWO, OmGa SENETAL) ON 7eetun cmp-tlars sete s sols «alls GRACILARIIDA 

AA. Basal segment of antenne not forming an eye-cap. 

B. Palpus with the first segment relatively very large, normally upcurved to 
the middle of the front; when the palpus is short the first segment is longer 
Chane HeSeCONG sr PrOL Luis teree eet asict siete slaystorarn tats she a lois ACROLOPHIDAS 

BB. First segment of palpus small. 

C._ Labial palpi bristled on the outer side of the second segment. : 

D. Aculez present over the general surface of the wings; female with 
piercing ovipositor; antenne typically smooth and velvety-looking, 
with fine bristles, or narrow, closely appressed scales, sometimes very 
eine, oly Bele ah Ac Ae war ERE pclae ric cdo cp Cra ork INCURVARIIDA 
DD. <Aculez absent, or present only in a small area at the base of the 
discal cell; ovipositor membranous, retractile; antenne typically rough, 
with an outer whorl of erect scales on each segment, rarely . tha, 1D). 

CR eR N I, Se GUN rd och cate alcteidelee ratte INEIDZ 


Curved all apex. ps OL Zag ence isteieloe aes one pe OINOPHILIDE 
FF. Vertex rough or rarely smooth in forms with ample hind wings; 

fore wings flat. i 

G. Aculez present, etc., as in D under C above. p. 598...... 
INCURVARIID 


Silelle (ele) 6) 0) eis 0) 4) ele \b] 01.6] (0: 6)-v) 0)10](4)16)\6] (6) e/o)¥)e)/6, Bi @)le a16)6. 0 6 eieie! © 01.0 
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GG. Aculex absent, etc., asin DD under C above. p. 611.. TINEIDE 
DD. Maxillary palpi porrect or vestigial. 

E. Vertex and upper face at least with dense bristly hairs; third seg- 
ment of labial palpi fusiform and equal to the second in length. 

F. Aculez present, etc.,asin D under C above. p. 598 . INCURVARID& 

FF. Aculez absent, etc., as in DD under C above. p. 611.TINEID& 
EE. Face at least smoothly and shortly scaled; third segment of labial 
palpus long and pointed, or very short in forms with roughest vestiture. 

F. Hind wings ample, with well-marked analangle, often wider than 


their fringe. 
G. Hind wings with veins M, and M, both lost, only one vein 


being associated with the R-stem. p. 644.....CARPOSINIDE 
GG. Hind wings with vein M; preserved, associated with the R- 
stem. 


H. Vein Cuz of the fore wings arising from a point before the 
outer fourth of the discal cell; palpus more or less triangular, 
with a short, blunt, third segment, roughly scaled (short and 
nearly smooth in Laspeyresia, in which there is a strong fringe 
on base of vein Cu of the hind wings, save in L. lautana). 
POZO MOAD Ma tees aoe tee? OLETHREUTID and TORTRICIDZ 


HH. Vein Cuz of the fore wings arising from the outer fourth of 
the discal cell, save in a few Glyphipterygidz, which have short, 
smooth-scaled palpi, or second segment tufted and third long 
and slender, and no fringe on vein Cu. 

I. Vein 1st A of fore wings lost completely; hind wings with 
veins Rs and M; connate, approximate, or stalked. 

J. Palpi with third segment long, slender, and tapering, 
often exceeding vertex, normally close-scaled, save in 
male Anarsia where veins R, and R; are stalked and both 
Abba) WO WN CON 8 CPEs cnon moc nous mmo ee GELECHIIDZ 

JJ. Palpi with third segment short and blunt, roughly 
scaled; vein R; normally running to outer margin, and 

olventree from vein Rys Pp. O43e ee ae PHALONIIDZ 

iI. Vein 1st A preserved, at least at the margin of the wing. 

Hind wings with veins Rs and My widely separate at 
origin, more or less parallel. 

K. Palpi long, often exceeding vertex; tongue distinct. 

Veins R, and R; stalked and both running to costa 

| eS ‘ 

. Vein Mz, of the hind wings arising nearer to vein 

M, than to M;. p. hoe asic .... ETHMIID 

MM. Vein Mz of the hind wings arising nearer to 

vein M;thantoM:. p.624......... CECOPHORIDA 

LL. Veins Ryand R; long stalked; vein R; running to 


JJ._ Hind wings with veins Rs and M; coalesced or stalked. 
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KK. Wings broad, ample, not falcate; maxillary palpi 
of folded type, inconspicuous, invisible in Setiostoma. 


; P. 625.0005: Pre IAS SIE sce -w Fees he oye STENOMIDA2 
FF. Hind wings with pointed apex and excavated below, rarely 
Bite See saiSG- pK EE) pe O25. oa. 5 ce oe be oe GELECHIIDZ 


FFF. Hind wings narrow-lanceolate and pointed or linear, and 
much narrower than their fringe. 

G. Hind wings lanceolate, though sometimes very small, and with 
the principal vein running nearly through its center, widely 
separated from Sc. 

H. Hind wings with a discal cell. p. 621........ ELACHISTIDA® 
HH. Hind wings without a discal cell. 

I. Vein Rs of hind wings separating from media near the 

middle of the length of the wing. p. 623.....DOUGLASIIDE 

II. Vein Rs of hind wings separating from media near the 

FA HM “Toy, CRE G eda dudc bom ceaoue HELIOZELIDA 

GG. Hind wings with vein R closely parallel with or fused to Sc 
near base. In the broad-winged Gracilariide, veins Sc and R are 
fused and the base of vein M is preserved, simulating the con- 
dition in G, but the combined base of Sc and R curves strongly 
into the lobed basal half of costa, and then approaches or fuses 
with M at middle of wing, unlike the relation of Sc and R in G. 
H. Hind tarsi with strong spinules, usually near apices of seg- 

ments, as well as tibiz; posterior legs displayed when at rest. 
PEO wars cme CMe neath eee ee isis atte ens HELIODINID 
HH. Tarsi smooth-scaled, the spinules concealed in the scaling; 
the tibie often hairy, but rarely (Acrocercops, Epermenia) 


bristled. 
i Fore wings with only four veins running from the discal 
cell to the costa, and five or six to the inner margin. 
PUOSTOB2iA et cee ee YPONOMEUTID and PLUTELLID 


II. Fore wings with five veins running to costa, or only four to 
inner margin. 
J. Discal cell oblique in wing; vein Cuz very short, running 
directly across to inner margin. 
K. Antenne turned forward in repose; fore tibieze 
slender, witha small epiphysis at the apex or none. p. 620. 
MM ok Vege: Liber ol NG fans 24 SESHE MOT COLEOPHORIDAE 
KK. Antenne turned back in repose; fore tibie with the 
epiphysis conspicuous, and often more than half as 
long as the tibia; the tibiz rarely slender. 

L. Hind wings with veins Sc and Rusually fused near 
base; fore wings with a stigma, and with Ry arising 
near the base of the discal cell and R2 near the apex of 
CHEW Cll ep setO2 Ore syerecacrcuaustseraeen srs BLASTOBASIDA 

LL. Hind wings with veins Sc and R not fused; fore 
wings with the space between the origins of veins Rx 
and R, only three or four times that between veins 
RevALGU ame aO2O REE rte ter Raine tet COSMOPTERYGID 

ie Discal cell not set obliquely in wing; vein Cuz nor- 
mally long and parallel to the medial veins. 
K. Male antenne heavily ciliate; accessory cell of fore 


absent. 

L. Palpi minute and drooping; vertex tufted; hind 
wings linear (Bedellia). p. 616...... LYONETIID 

LL. Palpi moderate, with fusiform third segment; 
maxillary palpi often well developed and porrect. 
(Seemalso IGS imp sOlseeraticwk = GBACILARIIDE 
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LLL. Palpi upturned, with acuminate third segment, 
often exceeding the vertex; maxillary palpi of folded 
type but very minute or obsolete. 

M. Vein R,; of the fore wings more than twice as 
long as vein R, and arising before the middle of the 
discalicell Wp nO2O-asete ea hia COSMOPTERYGIDAE 

MM. Vein R; of the fore wings but little longer than 
vein R,, and arising beyond the middle of the discal 
Cell Pvt G31 ee. eee ere oe SCYTHRIDID 


SUBORDER JUGATAE 


This suborder includes those Lepidoptera in which the posterior 
lobe of the fore wing is specialized so as to form an organ which unites 
the fore and hind wings; and in which the venation of the hind wings 
is similar to that of the fore wings. 

The Jugatz includes the more generalized members of the order Lepidoptera 
now living, those which are believed to resemble most closely the primitive in- 
sects from which in ancient times the Lepidoptera were evolved. In fact the first 
two families here included in the Jugatee may be of even more ancient origin, repre- 
senting one or two lines of evolution distinct from the lepidopterous stem. 

Several writers have called attention to indications of trichopterous affinities 
of the two families in question; and a study of the wing-venation of these in- 
sects led me to believe that they are more closely allied to the Trichoptera than to 
the Lepidoptera. For this reason, in ‘‘The Wings of Insects’’ I classed them with 
the Trichoptera. 

Although these indications of trichopterous affinities are undoubted, it appears 

that the view now generally held is that, while they show a close community of 
descent of the Trichoptera and the Lepidoptera, they are not sufficient to warrant 
the removal of the families in question from the Lepidoptera. I, therefore, in- 
clude them, provisionsally, in this order in the following account. For a detailed 
discussion of this subject, see Braun ('19) and Crampton (’20 b). 
The suborder Jugate, as now more commonly limited, in- 
cludes several families, representatives of three of which have been 
found in America; these are the Micropterygide, the Eriocraniide, 
and the Hepialide. 

The members of the first two of these families differ greatly in 
appearance from those of the third family, being very small moths 
which resemble the small tineids in size and appearance; our largest 
species has a wing expanse of from 12 to 14 mm. For this reason 
they may be known asthe Microjugate. They havealso been termed 
the Jugo-frenata, because, in addition to having the posterior lobe of 
the fore wing specialized so as to form an organ which serves in 
uniting the fore and hind wings, there is also a bunch of bristles borne 
by the hind wing near the humeral angle, which resembles a frenulum; 
these bristles, however, are not homologous with the frenulum, but 
are the costal spines described on page 575. On the other hand, the 
members of the third family are mostly large moths; many of them 
are very large; and the smaller species have a wing-expanse of 25 mm. 
The members of this family may be known as the Macrojugate. 


Famity MICROPTERYGIDA 


The Mandibulate Jugates 


Se thurts members of this family are small insects which resemble 
tineid moths in general appearance. As with other members of the 
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suborder Jugatz, the venation of the hind wings closely resembles 
that of the fore wings (Fig. 719). But these insects differ from all 


Fig. 719.—Wings of Micropteryx. 

other Lepidoptera in having in the adult instar well-developed func- 
tional mandibles, and in that the females lack a bursa copulatrix. 
Chapman (’17) regards the presence of well-developed mandibles and 
the absence of a bursa copulatrix of sufficient importance to warrant 
the removal of these insects from the Lepidoptera and the establish- 
ment of a distinct order for them; for this order he proposed the name 
Zeugloptera. 

Tillyard (19) states that the wing-coupling apparatus in this 
family functions differently from that of the following family, in that 
in the Micropterygide the jugal lobe is bent under the fore wing and 
acts as a retinaculum for the bunch of costal spines, borne by the 
hind wings. 

In this family, the subcosta of the fore wings is forked near its 
middle (Fig. 719); the abdomen of the adult female consists of ten 
distinct segments; and there is no ovipositor. 

There is no published account of the transformations of our 
American species. The larvee of certain exotic species have been de- 
scribed; they are very delicate, have long antenne, and feed upon wet 
moss. The pupa state is passed in the ground; the pupa has large, 
crossed mandibles. The adults feed on pollen. 

Two American species have been described; these are Epimar- 
tyria auricrinélla, which is found in the East, and Epmmartyria par- 
délla, found in Oregon. 


Famity ERIOCRANIIDA 
The Haustellate Jugates 


The members of this family, like those of the preceding one, are 
small insects which resemble tineid moths in general appearance. 
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{n this family the mandibles of the adult are vestigial; the maxilla 
are formed for sucking, each maxilla forming half of a long sucking- 
tube, as in higher Lepidoptera. The females lack a bursa copulatrix 
but have a piercing ovipositor. An easily observed recognition 
character is the fact that the subcosta of the fore wings 1s forked near 
its apex (Fig. 720). The jugal lobe of the fore wing extends back 
above the base of the hind wing and is clasped over an elevated part 
of the hind wing, thus being of the type described as a fibula (see 
page 62). 

Our best-known representative of this family is Mnemonica 
auricydnea. The structure and transformations of this species have 
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Fig. 720.—Wings of Mnemonica. 


been described by Busck and Boving (’14). The adult has a wing- 
expanse of from 12 tor4mm. Thelarva mines in the leaves of chestnut, 
oak, and chinquapin in early spring, making a large, bulgy blotch 
mine; it completes its growth within a week or ten days, and goes 
into the ground to transform, where it spins a tough cocoon; the 
change to pupa takes place in the following winter; the adult emerges 
in April. The pupa has long, arm-like toothed mandibles, with which 
it cuts the tough cocoon and with which it digs its way up to the 
surface of the ground. This species is found in the East. 


Famity HEPIALIDA 
The Swifts or the Macrojugate 


The members of this family are of medium or large size. 
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Figure 721 represents in natural size one of the larger of the American 
species, but many exotic species are larger than this one. Our 
smaller species have a wing-expanse of at least 2s mm. Our best- 
known species are brown or ashy gray in color, with the wings marked 
with silvery white spots. 

It is said that these moths fly near the earth, and only in the eve- 
ning after sunset, hiding under some low plant, or clinging to the stalk 
of an herb during the day. Some of them fly with extreme rapidity, 
with an irregular mazy flight, and have, therefore, been named swifts 
by collectors. So long as either or both of the two preceding families 
are retained in the suborder Jugate, the Hepialide may be dis- 
tinguished as the Macrojugate. 

In the Hepialidz the posterior lobe of the fore wing isa slender, 
finger-like organ, which is stiffened by a branch of the third anal vein, 
and which projects beneath the costal margin of the hind wing. As 
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Fig. 721.—Sthenopis purpurascens. 


the greater part of the inner margin of the fore wing overlaps the 
hind wing, the hind wing is held between the two. This is the type 
of posterior lobe of the fore wing to which the term jugum is ap- 
plied. (Figs. 74 and 75.) 

The larve are eruciform and furnished with sixteen legs; they 
feed upon wood or bark, and are found at the roots or within the 
stems of plants. They transform either in their burrows, or, in the 
case of those that feed outside of roots, within loose cocoons. ‘The 
pupz have transverse rows of teeth on the abdominal segments; 
these aid them in emerging from their burrows. 

This family is represented in our fauna by two genera, Hepialus 
and Sthenopts. 

Hepialus.—This genus includes our smaller species, which range 
in wing-expanse from 25 to 55 mm. In Hepralus the apices of the 
fore wings are more rounded than in Sthenopis. Ten North American 
species have been described. 

Sthenopis.—This genus includes our larger species. In these the 
apices of the fore wings are more pointed than in Hepialus, and in 
some species are subfalcate. Four species have been found in our 
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fauna; one of these, Sthendpis purpuriscens, is represented in Figure 
FP ‘ 

The larva of Sthendpis argenteomaculatus bores in the stems of the 
speckled or hoary alder (Alnus incana); that of Sthenopis thule, in 
willow. 


SUBORDER FRENATA 


The members of the Frenatz are most easily recognized by the 
fact that the venation of the hind wings differs markedly from that 
of the fore wings, being much more reduced. In this suborder, 
vein Ri of the hind wings coalesces with subcosta, the two appearing 
as a single vein, except that, in some cases, a short section of the base 
of R, is distinct, presenting the appearance of a cross-vein between 


Fig. 722.—Wings of Prionoxystus robinie. 


radius and subcosta (Fig. 722, Ri). After the separation of vein Ry, 
the radial sector continues unbranched to the margin of the wing 
(Fig. 722, Rs). Rarely, as in some members of the Gracilariide and 
of the Cosmopterygide, vein R; of the hind wings is free, not co- 
alesced with vein Sc. 

The essential characteristic of the Frenate is that they are 
descendants of those primitive Lepidoptera in which the two wings 
of each side were united by a frenulum. This fact should be clearly 
understood, for in many of the Frenatz the frenulum has been lost. 
The loss of the frenulum in these cases is due to its having been 
supplanted by a substitute for it, by an enlarged humeral area of the 
hind wings, which causes the two wings of each side to overlap to a 
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great extent. This overlapping of the two wings insures their syn- 
chronous action; and the frenulum, being no longer needed for this 
purpose, is lost. I[llustra- 
tions of different stages in 
the reduction and loss of 
the frenulum are given in 
the discussions of family 
characters given later. 

As a rule the frenulum 
of the female, when present, 
consists of several bristles, 
while that of the male con- 
sists of a single strong, 
spine-like organ. If one of 
the bristles of the compound 
frenulum of a female be ex- 
amined, it will be found to 
bea typical seta, containing 
a single cavity. But if a 
frenulum of a male be ex- 
amined, it will be found to 
contain several parallel cav- 
ities. Evidently the fren- 
ulum of the male is com- : : 
posed of several sete, as is pie (Sea ttes of a moth: fh, frenulum- 
that of the female, but Ae 
these sete are grown together. This can be seen by examining a 
bleached wing that has been mounted in balsam; usually the cavities 
in the sete contain air, which renders them visible. 

The frenulum-hook, which is present in the males of certain moths, 
is a membranous fold on the lower surface of the fore wing for receiv- 
ing the end of the frenulum, and thus more securely fastening the two 
wings together (Fig. 723, fh). Asa rule the frenulum-hook arises 
from the membrane of the wing near the base of cell C; but in some 
moths (Castnia) it seems to have been pulled back so that it arises 
from the subcostal vein. 


THE GENERALIZED FRENATAi 


Under this heading are grouped those families of moths that are 
supposed to retain more nearly than any other Frenate the form of 
the primitive Frenate, those that were the first to appear on earth. 
In most of the families included here, the wings approach the typical 
form, except in the reduction of the number of branches of radius of 
the hind wings, which is true of all Frenate; usually the base of media 
of one or both pairs of wings is preserved throughout a considerable 
part, at least, of the discal cell; and the anal veins are well preserved, 
there being two or three in the fore wing and three in the hind wing. 
The frenulum is usually well preserved. 
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There are also included in this group of families those families 
in which the fixed hairs or aculeze are retained over the general 
surface of the wings, even though in some cases, as in the Nepticulide, 
the venation of the wings may be greatly reduced. The presence of 
aculeze distributed over the general surface of the wings is believed 
to indicate a generalized condition, as it is found elsewhere in the 
Lepidoptera only in the Jugatez. As this condition is also found in 
the Trichoptera, it was probably inherited from the stem form from 
which the Lepidoptera and the Trichoptera were evolved. In the 
more specialized Lepidoptera the aculee are confined to small areas 
of the wing surface or have been lost. 


Famity INCURVARIIDA 


This family and the following one differ from all other Frenatz 
and agree with the Jugatz in having retained aculez distributed over 
the general surface of the wing (Fig. 710). In this family the venation 
of the wings is but little reduced; the antennz are without an eye- 
cap; and the females, so far as is known, are furnished with a piercing 
ovipositor. The moths are small or of moderate size. Many of the 
larve are miners when young, and later are case bearers. 

The family Incurvariide includes three subfamilies, which are 
not very distinct but which, however, are treated as families by some 
writers. 

SUBFAMILY ADELIN&.—These tiny moths are characterized by 
the unusually long and fine antenne of the males, which may be 
twice or more than twice as long asthe wings. Some of the species 
are also conspicuous on account of their striking colorsand markings. 

The larve are elongate, cylindrical, with thoracic legs and five 
pairs of prolegs. They are at first miners; later they live in portable 
cases. They feed on the leaves of various herbs and shrubs; but none 
of our species is known to be of economic importance. Nearly all of 
our species belong to the genus Adela. 

SUBFAMILY INCURVARIIN2.—An interesting representative of this 
division of the family Incurvariide is the following well-known species. 

The maple-leaf cutter, Paracleménsia acerifoliélla.—The larva in- 
fests the leaves of maple, and occasionally is so abundant that it does 
serious injury. The larva is at first a leaf-miner, like other adelids; 
but later it is a case-bearer. 

The leaves of an infested tree present a strange appearance (Fig. 
724). They are perforated with numerous elliptical holes, and 
marked by many, more or less perfect, ring-like patches in which the 
green substance of the leaf has been destroyed but each of which 
incloses an uninjured spot. These injuries are produced as follows: 
The larva, after living for a time as a leaf-miner, cuts an oval piece 
out of a leaf, places it over its back, and fastens it down with silk 
around the edges. This serves as a house beneath which it lives. 
As it grows, this house becomes too small for it. It then cuts out a 
larger piece which it fastens to the outer edges of the smaller one, the 
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larva being between the two. Then it crawls halfway out upon the 
leaf, and by a dexterous lifting of the rear end of its body turns the 
case over so that the larger piece is 
over its back. When it wishes to 
change its location it thrusts out its 
head and fore legs from the case and 
walks off, looking like a tiny turtle. 
When it wishes to eat, it fastens the 
case to the leaf and, thrusting its 
head out, eats the fleshy part of the 
leaf as far as it can reach. This 
explains the circular form of the 
patches, the round spot in the center 
indicating the position of the case. 
The insect passes the winter in the 
pupa state within its case, which 
falls to the ground with the infested 
leaf. The moth is ofa brilliant steel- 
blue or bluish green color, without 
spots but with an orange-colored 
head; it appears in early summer. 

SUBFAMILY PRODOXIN2.—This 
subfamily includes the remarkable 
insects that are known as the yucca- Fig. 724.—Leaf infested by the 
moths and the closely allied bogus maple-leat cutter. 
yucca-moths. 

The yucca-moths, Tegeticula.—Four species of this genus arenow 
recognized; the best-known of these is Tegeticula alba. The life- 
history of this species was first described by Mr. C. V. Riley (’73), 
under the name Pronuba yuccasélla; and in most of the accounts of 
this insect this name is used. The moth, however, was first de- 
scribed as Tegeticula alba. The most complete account of this and 
the allied species is that of Riley (’92). 

This species infests Yucca filamentosa, a plant not fitted for self- 
pollination or for pollination by insects in the ordinary ways; in 
fact, it is pollinized only by moths of the genus Tegeticula, the 
larvze of which feed on its seeds. This is one of the few cases in which 
a particular plant and a particular insect are so specialized that each 
is dependent upon the other for the perpetuation of the species. In 
the female moth, the maxilla are each furnished witha long, curled, 
and spinose appendage, the maxillary tentacle (Fig. 725, 6), fitted for 
the collection of pollen. After collecting a large load of pollen, often 
thrice as large as the head (Fig. 725,), the female moth places her 
eggs, by meansof her long, extensile ovipositor, into an ovary, usually 
of another flower than that from which the pollen was collected. 
After oviposition, the moth runs up to the tip of the pistiland thrusts 
the pollen into the stigmatic opening. ‘Thus is insured the develop- 
ment of seeds, upon which the larve hatched from the eggs placed 
in the ovary are to feed. As many more seeds are developed thanare 
needed by the larve, the perpetuation of the yuccas is assured. 
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The full-grown larva leaves the yucca pod and makes its way to 
the ground, where it spins a dense cocoon several inches below the 
surface. The adult 
moth has a wing-ex- 
panse of about 25 mm. 
The front wings are 
silvery white above; 
the hind wings, semi- 
transparent. 

The bogus yucca- 
moths, Prodéxus.— 
The moths of this ge- 
nus are closely allied 
to the yucca-moths, 
but differ in the im- 

; = . det: BAdand) DOrtant particular 
fee FE aaa aes See that the females lack 
lary tentacle; 3, maxille; 4, maxillary palpi; 5, maxillary tentacles; 
antenna Dailory teniace and palpi they are consequently 
ero from wing: ih front ioe labial pal- incapable of pollinat- 
pus; h, 7, venation of wings; j, last segment of ing the yuccas as do 
abdomen of female, with ovipositor extruded. the true yucca-moths. 
All enlarged. (From Riley.) The larvee of Prodoxus 
feed in the flower-stem or in the flesh of the fruit. But as, in Yucca 
filamentosa at least, the flowers drop and the flower-stem withers if 
the flowers are not pollinated, the bogus yucca-moths are dependent 
on the true yucca-moths for the conditions necessary for the develop- 
ment of their larve. The pupa state is passed in the burrow made 
by the larva. Eleven species of Prodoxus have been described. 


Famity NEPTICULID& 


In this family, as in the preceding one, fixed hairs or acuiez are 
distributed over the general surface of the wings. In the Nepticulide 
the venation of the wings is much reduced; the basal segment of 
the antenne is enlarged and concave beneath, soas toforman eye-cap; 
the female is without an ovipositor; the labial palpi are short; the 
maxillary palpi are long; and the maxille are vestigial. 

This family includes the smallest of the Lepidoptera, some of the 
species having a wing-expanse of scarcely 3 mm. 

Although this family presents characteristics which indicate that 
it should be placed among the generalized Lepidoptera, the venation 
of the wings is greatly reduced. This indicates that it represents a 
distinct line of development which in some respects has become more 
highly specialized than are the other families included in this division 
of the Lepidoptera. 

The frenulum of the female consists merely of a group of small, 
functionless bristles; but in the male the frenulum is a strong, spine- 
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like organ, which hooks into a well-developed frenulum hook (Fig. 
726). in most cases the costal spines are well developed; this is 
shown in the accompany- 
ing figure; and the anal 
lobe of the fore wing is 
sometimes quite distinct. 
With the exception of 
several gall-making spe- 
cies of Ectedémia, the lar- 
ve of all species of which 
the life-history is known 
are miners within the 
tissues of leaves (rarely in 
fruits) orin bark. They 
showa preference for trees 
andshrubs, but some mine Fig. 726.—Wings of Obrussa ochrefasciella, male. 
in the leaves of herbaceous Oi ate) 
plants. The larva at firstmakesa very narrow linear mine. This mine 
may continue as a linear mine, gradually broadening throughout its 
course, oritmay at some period abruptly enlarge into a blotch. When 
full-grown, thelarva, with few exceptions, leaves the mine and, drop- 
ping to the ground, spins a dense, flattened cocoon amongst rubbish 
or on the loose surface soil. (Braun ’17.) 


More than seventy species have been described from our fauna, 
and doubtless many more are to be discovered. The Nepticulide of 
North America was monographed by Braun (’17). 


Famity COSSIDAi 
The Carpenter-Moths 


This family includes moths with spindle-shaped bodies, and nar- 
row, strong wings, some of the species resembling hawk-moths quite 
closely in this respect. The larve are borers; many of them live in 
the solid wood of the trunks of trees. The wood-boring habits of the 
larve suggest the popular name carpenter-moths for the insects of 
this family. 

These moths fly by night and lay their eggs on the bark of trees, 
or within tunnels in trees from which adult carpenter-moths have 
emerged. The caterpillars are nearly naked, and, although furnished 
with pro-legs as well as true legs, are grub-like in form. The pupa 
state is passed within the burrow made by the larva. When ready 
to change to an adult, the pupa works its way partially out from its 
burrow. This is accomplished by means of backward-projecting saw- 
like teeth, there being one or two rows of these on each abdominal 
segment. After the moths have emerged, the empty pupa-skins can 
be found projecting from the deserted burrows. 
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The carpenter-moths are of medium or large size. The antenne 
of the males are mostly bipectinate; those of the females are either 
very slightly bipectinate or ciliate. In a few species the antenne are 
lamellate. The ocelli are wanting, and the maxille are vestigial. 


The venation of the wings of our most common and most widely 
distributed species is shown in Figure 727. Thereare two well-preserved 
anal veins in the fore wing, and three in the hind wing. The base of 
media is preserved, and is forked within the discal cell. In the fore 


Fig. 727.—Wings of Prionoxystus robinie. 


wing the veins R; and Ry4; anastomose, forming an accessory cell. 
The frenulum is vestigial in this genus; but in some other genera it is 
well developed. 


Authors differ greatly regarding the appropriate position of this 
family in the series of families. Certain characteristics of the larvee 
indicate that it belongs somewhere among the specialized Micro- 
frenate; but I place it here at the beginning of the Non-aculeate 
Generalized Frenatz on account of the generalized structure of the 
wings. 


This family is represented in our fauna by thirty-four described 
species; it has been monographed by Barnes and McDunnough 


(11). The family includes three subfamilies, which are separated 
as follows: 
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A. Anal veins of the fore wings united near the margin of the wing by a cross- 
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AA. Anal veins of the fore wings not united near the margin of the wing bya 
cross-vein. 


B. Veins Rs and M; of the hind wings stalked or close together at the end of the 


discal cell; antennz of male pectinate throughout.............. COssIN a 
BB. Veins Rs and M; of the hind wings widely separate; antenna of male 
Pechnatem one Maca luminal fenonly.. toc gee tes its acini. «ere ZEUZERINAE 


SUBFAMILY Hypoprin&.—The members of this subfamily are dis- 
tinguished by the presence of the anal cross-vein near the margin of 
the front wings. 
Nearly one-half our 
species belong to this 
subfamily. They 
have been described 
from Florida, Texas, 
Colorado, and west- 
ward to California. I 
have found no ac- 
count of the early 
stages of any of them. 

SUBFAMILY Cos- 
sIn&.—This subfam- 
ily is represented in 
our fauna by six gen- Fig. 728.—Prionoxystus robinia, female. 
era including fourteen 
species; but most of these are confined to the Far West and are known 
only in the adult state. Our best-known species are the following. 


The locust-tree carpenter-moth, Prionoxystus robinie.—Figure 728 
represents the female, natural size. The male is but little more than 
half as large as the female. It is much darker than the female, from 
which it differs also in having a large yellow spot, which nearly covers 
the outer half of the hind wings. The moths fly in June and July; 
the larve bore in the trunks of locust, oak, poplar, willow, and other 
trees. It is supposed that the species requires three years to complete 
its transformations. It is found from the Atlantic Coast to California. 


The lesser oak carpenter-worm, Prionoxystus macmirtret.—This is 
a slightly smaller species than the preceding. The larva bores in the 
trunks of oak in the East. The moth has thin, slightly transparent 
wings, which are crossed by numerous black lines. The male is much 
smaller than that of P. robinie, and lacks the yellow spot on the hind 
wings. 

SUBFAMILY ZEUZERIN&.—Excepting three little-known species of 
Hamilcara, found in Texas and Arizona, the following species is the 
only representative of this subfamily in our fauna. 


The leopard-moth, Zeuzéra pyrina.—This species is white, spotted 
with numerous small, black spots, which suggested its common name. 
The adult has a wing-expanse of from 4o to60mm. It isa European 
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species, which was first observed in the vicinity of New York City in 
1882; since that time it has spread to other parts of the East. The 
larva is a very injurious borer in many species of trees and shrubs. 
The young larvze bore in the small twigs; later they migrate to larger 
limbs or to the trunk. 


Famity PYROMORPHIDAi 
The Smoky Moths 


There are but few insects in our country pertaining to this family; 

only fifteen species arenow recognized, but these represent six genera. 
Thesevare 

small moths, Ss R 


which are ZR p 
SIF IMS VO) GSE 4 
smokyeblack=. .\~<.—_ ~<a 


Fig. 729.—Ac- color; some 
oloithus fal- are marked 
tia with brighter 

colors; the 
wings are thinly scaled; 
and the maxille are well 
developed. The larve are 
clothed with tufted hair; 
they have five pairs of 
prolegs, which are provided 
with normal hooks. Fig. 730.—Wings of Acoloithus falsarius. 

A tiny representative of 

the family which seems to be not uncommon in the East is Acolozthus 

falsarius. This moth (Fig. 729) expands 16 mm. It is black, with 

the prothorax of an orange color. The venation of the wings (Fig. 

730) is peculiar, in that subcosta and radius of the hind wings coalesce 

for only a short distance beyond the middle of the discal cell, and 

a stump of radius projects towards the base of the wing, from the 

point of union of the two veins. The larva feeds in early summer on 

the leaves of grape and of Virginia creeper. It is said that the pupa 
state lasts fourteen days and is passed within a parchment-like cocoon. 

The adults frequent flowers in the daytime. 


Another well-known species is Pyromérpha dimidiata. ‘This is 
found in the Atlantic and Western States. ‘The entire insect is 
smoky black, except the basal half of the fore wings in front of the 
second anal vein, and the basal half of the costa of the hind wings, 
which are yellow. The wings are thinly scaled and expand 25 mm. 
or a little more. The male is larger than the female and is more 
active. Figure 731 represents the venation of the wings. Some spe- 
cies of the genus Pyromorpha are remarkable in that none of the 
branches of radius of the fore wings coalesce beyond the discal cell. 
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Figure 732 represents the 
venation of the wings of 
Pyromorpha marténi, a spe- 
cies found in the Rocky 
Mountains. 

The species of the genus 
Harrisina differ from the 
typical form of the family 
in that the anal area of the 
hind wings is greatly re- 
duced, there being only two 
short, strongly curved, anal 
veins. As in other mem- 
bers of the family, there are 
two well-developed anal 
veins preserved in the fore 
wings. The following is 
the best-known species of 
this genus. 

The grape-leaf skeleton- 
izer, Harrisina americana — 
The wings of this moth are 


Fig. 731.—Wings of Pyromorpha dimidiata. 


long and narrow (Fig. 733); the abdomen is long, and widened towards 


2a A 


Fig. 732.—Wings of Pyromorpha martent. 


Fig. 733.—Harrisina 
americana. 


the caudal end. It is green- 
ish black in color, with the 
prothorax reddish orange. 
The larva feeds on the leaves 
of grapeand of the Virginia 
creeper. An entire brood 
of these larvee will feed side 
by side ona single leaf while 
young. This species rarely 
becomes of economic im- 
portance. 


Famity DALCERIDA 


In this family the body is small; the antenne are short; and 
the wings are broad. In the fore wings there is a large acces- 
sory cell which is rst R3; and in the hind wings veins Sc and R are 


connected at a point. 
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The best-known species in our fauna is Dalcérides ingénita, found 
in Arizona. The expanse of the wings is about 25 mm. The wings 
are deep yellow, inclining to orange, without markings. The larva 
is unknown. 

Another species, Pincénia coa, which is not uncommon in Mexico 
has been reported from Arizona by Holland (’03). 


Famity MEGALOPYGIDAL 


The Flannel-Moths, 


In this family the wings are heavily and loosely scaled, and mixed 
with the scales are long, curly hairs; these give the wings the appear- 
ance of bits of flannel. It is 
this that suggested the com- 
mon name of these moths. 
The body is stout and clothed 
with long hairs. 


The venation of the wings 
of our most common species, 
Lagoa crispata, is represented 
10 Bicire 7340) heres are 
three anal veins in both fore 
and hind wings; but in the 
fore wings the second and third 
anal veins are partially grown 
together. The basal part of 
media is more or less distinctly 
preserved and divides the dis- 
cal cell into two nearly equal 
parts. The subcosta and ra- 
dius of the hind wings coalesce 
for nearly the entire length of E 
the discal cell. In these moths =, te 
the maxilla are vestigial. The aca A 
larvee are remarkable for the 
possession of seven pairs of 
prolegs; these are borne by ab- 
dominal segments 2 to 7 and 10; but those of segments 2 and 7 are 
without hooks. The setiferous tubercles are verruce bearing large 
numbers of fine setae; so that the body is densely hairy; and inter- 
spersed among the fine setae are venomous sete. 


Fig. 734.—Wings of Lagoa crispata. 


There are only ten North American species of this family; these 
represent four genera. Our most common species are the two follow- 
ing. 


The crinkled flannel-moth, Lagéa crispata.—This moth is cream- 
colored, with the fore wings marked with wavy lines of crinkled 
plack and brownish hairs. The male is represented in Figure 
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735; the female is larger expanding, 40 mm. In the female the an- 
tenn are very narrowly pectinate. 
Thelar- 
vee feed on 
many trees 
and shrubs, 
including 
oak, elm, 
apple, and 
raspberry. 
They are 2 
’ short, thick, Fig. 736.—Old cocoon of 
Fig. 735.—Lagoa crispata, male. and fleshy, Megalopyge opercularis. 
and are 
covered with a dense coat of long, silky, brown hairs, which project 
upward and meet to form a ridge or crest along the middle of the back; 
interspersed among these fine hairs are venomous setz. 


The cocoons are of a firm, parchment-like texture, covered witha 
thin web of rather coarse threads. Mixed with the silk of the cocoon 
are hairs of the larva. The cocoon is provided with a hinged lid. 


This species is found in the Atlantic States. 


Megalopyge opercularis—This species is somewhat smaller than 
the preceding one; the male has a wing-expanse of about 25 mm., 
and the female of about 37 mm. The fore wings are umber brown 
at base, fading to pale yellow outwardly; they are marked with wavy 
lines of white and blackish hairs, and the fore margins are nearly black. 


The larve are clothed with long, silky hairs, underneath whichare 
venomous sete. The cocoons are firmly attached to a twig of the 
infested tree, and are each fur- 
nished with a trapdoor. The old 
cocoons that one sees in collec- 
tions present the appearance rep- 
resented in Figure 736. But I 
found in Mississippi a cocoon, 
which I believe to be of this 
species, that is of the form shown 
in Figure 737. From this it ap- 
pears that after the outer layer of the cocoon has been made, the 
larva constructs a hinged partition near one end of it, and adds no 
more silk to that part of the cocoon which is outside the partition. 
This part of the cocoon is quite delicate, and is destroyed when the 
moth emerges if not before. 


Fig. 737.—Complete cocoon of Megal- 
opyge. 


This species is found from North Carolina to Texas. The larva 
is a very general feeder; it is often found on oak. 
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Famity EUCLEIDA* 
The Slug-Caterpillar Moths 


One often finds on the leaves of shrubs or trees, elliptical or oval 

larvee that resemble slugs in the form of the body and in their gliding 

motion. As these are the larve of moths they have been 

termed slug-caterpillars; but they present very little 

similarity in form to other caterpillars. The resemblance 

to slugs is greatly increased by the fact that the lower sur- 

face of the body is closely applied to the object upon which 

Fig. 738. the larva is creeping, the thoracic legs being small and the 

prolegs wanting. There is, however, on the ventral side 

of the abdomen a series of sucking-disks, which serve the purpose of 

prolegs. The head of the larva is small and retractile. In some 

species the body is naked; in others it is clothed with tufts of hairs; 

and in others there is an armature of branching spines. Several 
species bear venomous sete. 


The larve when full-grown spin very dense cocoons of brown 
silk; these are egg-shaped or nearly spherical, and are furnished at 
one end with a cap which 
can be pushed aside by the 
adult when it emerges (Fig. 
738). The cocoons are usu- 
ally spun between leaves. 

The moths are of me- 
dium or small size; the body 
is stout, and the wings are 
heavily and loosely scaled. 
The maxille are vestigial. 
These moths vary greatly in 
appearance, and many of 
them are very prettily col- 
ored. 

Considerable variation 
exists in the venation of the 
wings in this family (Fig. 
739 and Fig. 740). The base 
of media may be preserved 
or wanting; in some species 
it is forked within the discal 
cell, in others not. There is ¥ 
also considerable variation : 
in the coalescence of the Fig. 739.—Wings of Adoneta spinuloides. 
branches of radius, but 
veins R3 and Ry coalesce to a greater extent than any other branches 
of this vein. There is no accessory cell. In the hind wings veins Sc 


Ist 4 


_ *This family is termed the Cochlidiide by some writers, and by others the 
Limacodide. 
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and R coalesce for a short distance at the point where vein Ry joins 
vein Sc. 

Only forty-three s R 
North American spe- : 
cies of eucleids have 
been described; but 
these represent twen- 
ty genera. The larve 
are rarely abundant 
enough to be of eco- 
nomic importance; 
they are chiefly inter- 
esting on account of 
their remarkable 
forms. The following 
are some of the bet- 
ter-known species: 

The saddle-back 
caterpillar, Szbine 
stimulea.—This larva 
can be recognized by 
Figure 741. Its most 
characteristic feature 
is a large green patch 
on the back, resem- 24 
bling a saddle-cloth, : th re , : 
while the saddle is Fig. 740.—Wings of Packardia geminata. 
represented by an 
oval purplish brown spot. The moth is dark, velvety, reddish brown, 
with two white dots near the apex of the fore wings. The larva feeds 
on oaks and oth- 
er forest trees. 
This is one of the 
species that are 
armed with ven- 
omous sete. 

The spiny 
oak-slug, Eucléa 
] delphinit.—This 

escola larva (Fig. 742) 

ne is one of the most 
common of our slug caterpil- Fig. 742.—Euclea 
lars and one of those that are = delphinii, larva. 
armed with venomous sete. 

It feeds on the leaves of oak, pear, willow, andothertrees. Themoth 
(Fig. 743) is cinnamon-brown, with a variable number of bright 
green spots on the fore wings. 


The hag-moth, Phdbetron pithécium.—The common name hag- 
moth is applied to the larva of this species on account of its remark - 


Fig. 743.—Euclea 
delphiniu. 
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able appearance (Fig. 744). It bears nine pairs of fleshy appendages 
which are covered with brown hairs. In the full-grown larva the 
third, fifth, and seventh 
pairs of appendages are 
longest; these are twist- 
ed up and back, and sug- 
gest the disheveled locks 
of a hag. This larva 
feeds on various low 
shrubs and the lower 
branches of trees. At 
the time of spinning, the 
larva sheds the fleshy 


; .,. processes, and they re- ,. ae 3 
Fig. .—Phobet the- . . Fig. 745. Prolima- 
oe Sag AA main on the outside of codes badia, larva. 

Dyar.) the cocoon. 


The skiff-caterpillar, 
Prolimacédes badia—This remarkable larva (Fig. 745) is not un- 
common on oak and other forest trees. It is pale apple-green, with 
a chestnut-brown patch on its back. The moth 
(Fig. 746) is light cinnamon-brown, with a 
tan-brown triangular spot on each fore wing. 


OA SS 


Fig. 746.—Prolima- 
codes badia. 


Famity EPIPYROPIDA 


This family is represented in our fauna by a single rare species 
which was found in New Mexico. Our species is Epipyrops barberiana. 
Another species, Epipyrops anémala, has been described from China; 
and larvee that are believed to belong to this genus have been found 
in Central America. 

These insects are remarkable on account of the extraordinary 
habits of the larvee, which are found firmly attached to living insects 
of the family Fulgoride. They are usually attached to the dorsal 
surface of the abdomen beneath the wings of their host. The body 
of the larva is covered with a cottony coat, causing it to resemble a 
Coccus. It is supposed that these larvee feed on waxy matter excreted 
by the fulgorids. 

For a detailed account of our species, see Dyar (02). 


THE SPECIALIZED MICROFRENATZ 


In the “Synopsis of the Lepidoptera” given on pages 581 to 584 
I have grouped together under the heading ‘‘Specialized Microfren- 
ate’ twenty-six families of moths, which are more highly specialized 
than are the preceding families, and which as a rule are composed of 
small insects. 

This group of families includes most of those families that were 
formerly classed together as the Microlepidoptera; but later studies 
have resulted in the removal from the old group Microlepidoptera of 
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several families of small moths, hence this name is no longer distinc- 
tive. Among the families of small moths removed from the Micro- 
lepidoptera are the Micropterygidz and theEriocraniide, now placed 
in the suborder Jugatzx; the Incurvariide andthe Nepticulidz, placed 
at the beginning of the Frenatz; and the group of families now known 
as the Pyralids, which are believed to be genetically quite distinct 
from the other families of small moths. On the other hand, in ad- 
dition to the families here placed in this series some authors include 
the Cosside. 

_ The families of the Microfrenatee are grouped into superfamilies 
in various ways by different writers; but none of these groupings is 
sufficiently well established to be adopted here. 


Famity ACROLOPHID2® 


These are large, stout, noctuid-like moths; some of the species 
have a wing-expanse of 30mm. ormore. The eyes are usually hairy, 
in which respect they differ from other ‘‘Micros.”’ The antenna are 
without an eye-cap. The labial palpi are large, and usually upcurved 
to the middle of the front; in the males of some species they are 
thrown back on the dorsum of the thorax, which they equal in length. 
The first segment is relatively very large; when the palpus is short 
it is longer than the second segment; the thorax is tufted. The vena- 
tion of the wings is quite generalized; the base of media is more or 
less preserved, and all the branches of the branched veins are present; 
there are three anal veins in both fore and hind wings; in the fore 
wings the tip of the third anal vein coalesces with the second anal 
vein. 

Forty-two species have been described from our fauna; these 
were formerly classed in several genera; but recent writers refer them 
all to the genus Acrélophus. 

The burrowing web-worms, A. arcanéllus, A. mortipennéllus, and 
A. popeanéllus.—The habits of these three species were described 
by Professor Forbes in his Twelfth Illinois Report (1905). The larvee 
normally live in the ground feeding on the roots of grass. Each larva 
makes ‘‘a tubular web opening at the surface and leading down into 
a vertical cylindrical burrow about the diameter of a lead-pencil, and 
six inches to two feet, or even more in depth.” The larva measures 
about 25 mm in length. Sometimes the larve injure young corn 
when planted on sod. They surround the base of each plant with a 
fine web mixed with earth and pellets, building this up in the lower 
blades, which they slowly eat away. As they get larger they eat the 
stripped plant to the ground. When disturbed they retreat into 
their web-lined burrows. 


Famity TINEIDA 


The head is usually clothed with erect hair-like scales. The 
antennz are shorter than the front wings. The maxillz are usually 
small or vestigial. The maxillary palpi are usually large and folded. 
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The labial palpi are short and clothed with but three or four bristles. 
In the typical genera the venation of the wings is quite generalized 
(Fig. 747), the ‘base 

of media being pre- Ss 
served in both fore 

and hind wings and Rs 
all of the veins char- 

ACLETIStiCc OLMihoo, My 
Frenatze being pres- Ma 
ent; but in other gen- Gn ; 

era the venation is ..- 
somewhat reduced. 


Many of the larve We 
I 

are case-bearers; M, 
many are scavengers 
or feed on fungi; some 2d A 
feed on fabrics, espe- 
cially those that con- Fig. 747.—Wings of Tinea parasitella. (After 
tain much wool; few Spuler. 
if any feed on leaves. 


This is a large family. More than one hundred twenty-five North 
American species are already known; fifty of these belong to the 
genus Tinea. To this family belong the well-known clothes-moths. 


The naked clothes-moth, Tinéola bisselliella—This is our most 
common clothes-moth. Although the larva spins some silk wherever 
it goes, it makes neither a case nor a gallery; it is, therefore, named 
the naked clothes-moth. But when the larva is full-grown it makes 
a cocoon, which is composed of fragments of its food-material fas- 
tened together with silk. The adult is a tiny moth with a wing- 
expanse of from 12 to 16 mm.; it is of a delicate straw-color, without 
dark spots on its wings. 


The case-bearing clothes-moth, Tinea pellionélla—The larva of 
this species is a true case-bearer, making a case out of bits of its 
food-material fastened together with silk. The case is a nearly cylin- 
drical tube open at both ends. The pupa state is passed within the 
case. The adult is a small, silky, brown moth, with three dark spots 
on each fore wing. It expands from 11 to 17 mm. 


The tube-building clothes-moth or the tapestry-moth, Trichéph- 
aga tapetiélla—The larva of this species makes a gallery composed 
of silk mixed with fragments of cloth. This gallery is long and wind- 
ing and can be easily distinguished from the case of the preceding 
species. The pupa state is passed within the gallery. The moth 
differs greatly in appearance from the other two species, the fore 
wings being black from the base to near the middle, and white be- 
yond. It expands from 12 to 24 mm. 
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Famity PSYCHID 
The Bag-Worm Moths 


The bag-worm moths are so called on account of the silken sacs 
made by the larve, in which they live and in which they change to 
pupe. In ourmore conspicuous and best-known species 
the sac is covered either with little twigs (Fig. 748) or, 
in the case of a species that feeds on cedar or arbor-vite, 
with bits of leaves of these plants. When the larva is 
full-grown it fastens its sac to a twig or other object 
and transforms within it. Z 

In the adult state the two sexes differ greatly. The 
female is wingless, and in some genera the eyes, an- 
tennz, mouth-parts, and legs are vestigial or wanting, ess 
the body being quite maggot-like. At the caudal end WS 


mixed with the eggs. In most species the female does 
not leave the sac before oviposition but deposits her 
eggs within it. 


The male moths are winged; they are small or of Fig. 748.—Bag 
moderate size. The wings are thinly scaled and in pr eee tas 
some species nearly naked; when clothed with scales °°?" 
they are usually of a smoky color without markings. The venation 
of the wings varies 
greatly within the 
family. Figure 749 
represents the vena- 
tion of our most com- 
mon species. 

Only about twenty 
species are known from 
our fauna, of which the 
following are most 
likely to be observed. 

Abbot’s bag-worm, 
Otkéticus abbott.—This 
species occurs in the 
more southern part of 
our country. The lar- 
va makes a bag with 
sticks attached to it 
crosswise (Fig. 748). 
The adult male is 

F Stag Naor of Thyridopteryx epbhemere- cero e U nea Rare 

; tremity of the discal 

cell of the fore wings; the narrow external sizing of the wings is pale; 
the expanse of the wings is 33 mm. 
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The evergreen bag-worm or the bag-worm, Thyriddpteryx ephe- 
mereformis.—This species prefers red cedar and arbor-vite, and for 
this reason has been named the evergreen bag-worm; but it also 
feeds on many other kinds of trees, and as it is the species that is 
most likely to attract attention, and is sometimes a serious pest, it 1s 
often called the bag-worm. It is our best-known species, and its 
life-history will serve as an illustration of the habits of the members 
of the family Psychide. 


The bag of this species is about the same size as that of Abbot’s 
bag-worm (Fig. 748); but it differs in being covered with bits of 
leaveswhen it feeds on cedar or arbor-vite, or with twigs attached 
lengthwise when it feeds on other trees. When full-grown the larva 
fastens the bag to a twig with a band of silk, and then changes to a 
pupa. When the male is ready to emerge, the pupa works its way 
to the lower end of the bag and halfway out 
of the opening at the extremity. Then its skin 
bursts and the adult emerges. The male moth 
has a black, hairy body and nearly naked wings 
(Fig. 750). Theadult female partly emerges from 
the pupa skin and pushes her way to thelower 
end of the bag, where she awaits the approach of 
Fig. 750.—Thyridop- themale. Sheisentirely destitute of wings and 

fis i ephemer@- iegs The genitalia of the male can be 

; greatly extended, making possible the pairing 

while the female is still in the bag. After pairing, the female works 
her way back into the pupa skin, where she deposits her eggs mixed 
with the hair-like scales from the end of her body. She then works 
her shrunken body out of the bag, drops to the ground, and perishes. 
The eggs remain in the pupa skin in the sac till the following spring. 


Where this insect is a pest, two methods of control are practiced, 
first, the bags are collected and destroyed in the winter, while they 
still contain the eggs; second, when impracticable to collect the bags: 
on account of the height of the infested trees, a spray of arsenate of 
lead is used in the spring as soon as possible after the larve appear. 


Eurycyttarus confederata.—This isa 
smaller species than the two preceding 
ones. Figure 751 represents the sac of a 
4 male with the empty pupa-skin projecting 
fe \ from the lower end, and Figure 752 the 
fully developed male. Fig. 752. 

Solenobia walshélla—This is a small 
Fig. 751. tineid-like species; the male has a wing-expanse of about 13 

mm. and the hind wings have a quite wide fringe. The fore 
wings are light gray speckled with brown. The bag of the larva 
is about 8 mm. long, made of silk, and covered with fine grains of 
sand or with particles of lichens and excrement of the larva. Cham- 
bers states that he has sometimes found small molluscan shells ad- 
hering to it. The larve are found on the trunks of trees and feed 


Se 
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upon lichens. Figure 753 represents the venation of the wings of a 
European species of this genus. 


Famity TISCHERIID2® 


The vertex of the head 
is clothed with erect, broad, 
and short scales. The an- 
tenne are long, with the 
first segment small. The 
maxilla are longer than the 
head and thorax. Themax- 
illary palpi are small or ab- 
sent. The labial palpi are 
short, porrect, and without 
bristles on the outer side of 
the second segment. Inthe 
front wings (Fig. 754), the 
costal margin is strongly 
arched, the apex is pro- 
longed into a sharp point, 
the discal cell is long and Fig. 753.—Wings of Solenobia. (After Spu 
narrow, the accessory cell is ler.) 
very long, and the base of 
media is preserved. The hind wings are long and narrow and with 
greatly reduced venation. (Fig. 754). The hind tibie are very hairy, 

Nearly all of our spe- 
cies belong to the genus 
Tischéria. The larve 
lack thoracic legs; most 
of them make blotch 
mines in the leaves of 
oak; but the following 
one infests apple; and 
some other species infest 
blackberry and rasp~ 
berry. 

The trumpet-leaf 
miner of apple, 7ischéria 
Fig. 754.—Wings of Tischeria marginea. (After malif olvélla.—This spe- 

Spuler.) cies infests the leaves of 
apple over the Eastern 

half of the United States and Canada, and sometimes does serious 
injury. The larva makes a trumpet-shaped mine just beneath the 
epidermis on the upper side of the leaf; the first half of the mine is 
usually crossed by crescent-shaped stripes of white. There are two 
generations annually in the North, and several in the South. The 
larvee pupate in their mines. The larve of the last generation line 
their mines with silk and pass the winter in them. They transform 
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to pupz in the spring and emerge as adults eight or ten days later. 
The adult moth expands about 6mm.; it has shining dark brown front 
wings, tinged with purplish and dusted with pale yellowish scales. 

To controlthis pest, plow the orchard after the leaves have fallen, 
or rake and burn the fallen leaves. 


Famity LYONETIID 


Moths with the head smooth, at least on the front. The scape of 
the antennz usually forms an eye-cap. The ocelliand themaxillary 
palpiare wanting. The 
labial palpiare usually 
very small. The wings 
are very narrow (Fig. 
755); the hind wings 
are often linear, with 


A the radial sector ex- 

tending through the 

M; axis of the wing. The 

Cu apices of the fore wings 

Ae aes eae as) are usually warped u 

ey 7 eran aes of Bedellia somnulentella. (After shag n The lante! 

are leaf-miners or live 

in webs between leaves. The following species will serve as examples 
of this family. 

The morning-glory leaf-miner, Bedéllia somnu- 
lentélla——The young larva makes a serpentine 
mine with a central line of frass; later it leaves 
this mine and makes a blotch mine. The pupa is 
naked, and fixed by the caudal end to some cross- 
threads on the under side of the leaf. The adult is 
yellow and expands about to mm. 

The apple bucculatrix, Bucculatrix pomifoli- 
élla.—The larva of this species infests the leaves 
of apple, and when full-grown it makes a small 
white cocoon which is attached to the lower sur- 
face of a twig. These cocoons sometimes occur in 
great numbers, side by side, on the twigs of an 
infested tree (Fig. 756). They are easily recog- 
nized by their shape, being slender and ribbed 
lengthwise. It is these cocoons that usually first 
reveal the presence of the pest in an orchard. They 
are very conspicuous during the winter, when the 
leaves are off the trees. At this time each cocoon 
contains a pupa. The adult moth emerges in Fic. 7 
early spring. The eggs are laid on the lower sur-  ~ '8¢/ Pe earns 
face of the leaves. Each larva when it hatches pomifoliella, 
bores directly from the egg to the upper surface 
of the leaf, where it makes a brown serpentine mine. When these 
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mines are abundant in a leaf, it turns yellow and dies. When the larva 
has made a mine from 12 to 18 mm. in length, which it does in from 
four to five days, it eats its way out through theuppersurface. Then 
somewhere on the upper surface of the leaf it weaves a circular silken 
covering about 2.5 mm. in diameter. Stretched out on this network, 
the larva, which is now about 2.5 mm. long, makes a small hole in it 
near the edge, then, as one would turn a somersault, it puts its head 
into this hole and disappears beneath the silken covering, where it 
undergoes a change of skin. It remains in the molting cocoon usually 
less than 24 hours. After leaving this cocoon it feeds upon the leaves 
without making a mine; and in a few days makes a second molting 
cocoon which differs from the first only in being about 3 mm. in 
diameter. After leaving this it again feeds for a few days, and then 
migrates to a twig where it makes the long ribbed cocoon within 
which the pupa state is passed. The adult is a tiny, light brown 
moth, with the fore wings whitish, tinged with pale yellowish, freely 
dusted with brown; on the middle of the inner margin there is a dark 
brown oval patch. 

The genus Bucculatrix, to which the above species belongs, is 
placed by some writers in a separate family, the Bucculatrigide. 

The family OpostEcIp& has been established for the genus 
Opéstega, of which only three species have been found in this country. 
These are moths with folded maxillary palpi, with the scape of the 
antenne forming a large eye-cap, and with radius, media, and cubitus 
of the fore wings unbranched. The hind wings are linear. The 
combination of the eye-cap and the unbranched veins of the fore 
wings is a distinctive feature of this family. 

The larve are very slender, cylindrical, without legs, and are bast- 
miners. 


Famity OINOPHILIDA 


This family includes ‘‘strongly flattened moths, with flat coxe 
closely appressed to the body, usually with smooth heads, rising to 
a rounded ridge between the antennz, but often with a loose tuft 
on the vertex, and rather small maxillary palpi of the folded type. 
The labial palpi have a well-set-off, fusiform, terminal joint as in the 
Tineidz, and are normally without bristles. The venation in the known 
genera is more or less reduced.”’ (Forbes.) 

Only one species representing this family has been found in our 
fauna. This is Pheoses sabinélla, described by Forbes (22), from 
Louisiana and Mississippi. It is a shining gray-brown (mouse gray) 
moth, with a wing-expanse of 9 mm. 

The known larve of this family feed on decaying vegetable matter 
and fungi. 


Famity GRACILARIID 


The vestiture of the head varies greatly; the vertex is clothed 
with prominent scales in some forms, in others it is smooth. The 
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antenne are long; the scape forms an eye-cap in some species and 
not in others. The fore wings are lanceolate, normal or with some- 
what reduced vena- 
tion (Fig. 757); usu- 
ally without an ac- 
cessory cell, but 
sometimes one is 
present in the genus 
Parornix. The hind 
3dA wingsarelanceolate 

or linear; in many 


al SetR R, members of the 
a c 1 


: family they are ex- 
a ee 

panded near the 
Se iM, base, formingamore 


M. 
Aaa oe Se or less prominent 
Fig. 757.—Wings of Gracilaria. (After Spuler.) hump in the costal 
margin, and in 
some species vein R, is free, not coalesced with Vein Sc. 

The adult moths when at rest elevate the front part of the body, 
the fore legs being held vertically so that the tips of the wings touch 
the surface on which the insect rests. 

The larve are extraordinary; when young they are very much 
flattened and have thin, blade-like mandibles and vestigial maxillze 
and labium; they merely slash open the cells of the leaf and suck up 
the cell-sap; later they usually have normal mouth-parts and eat the 
parenchyma. The young larve always make a flat blotch mine; 
later they make a blotch mine in which the epidermis of one side of 
the leaf is thrown into a fold by the growth of the leaf, 7. e., a tenti- 
formmine, or they roll a leaf. The larva have only fourteen legs or 
none, never any on the sixth segment of the abdomen. 


This isa large famly; about two hundred North American species 
have been described, and doubtless many more are to be discovered. 


R2 R. 
Ri c Ry R; 


About one-half of our described species belong to the genus which 
is commonly known as Lithocollétis, but which is termed Phyllonorjc- 
ter by those who recognize the names in the ““Tentamen”’ of Htbner. 
The following species will serve as an example of this genus. 


The white-blotch oak-leaf miner, Phyllonorycter hamadryadélla.— 
This little miner infests the leaves of many different species of oaks, 
and is very common throughout the Atlantic States. The mine is a 
whitish blotch mine in the upper side of the leaf, and contains a single 
larva; but often a single leaf contains many of these mines (Fig. 758). 
The young larvais remarkable in resembling more the larva of a beetie 
than the ordinary type of lepidopterous larve (Fig. 758, b). It is 
nearly flat; the first thoracic segment is much larger than any of the 
others; the body tapers towards the hind end; and there are only the 
faintest rudiments of legs discernible. The larve molt seven times. 
At the seventh molt the form of the body undergoesa striking change. 
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It now becomes cylindrical in form, there is a great change in the 
shape of the mouth-parts, and the fourteen feet are well developed. 
The full-grown cylindrical larva measures about 5 mm. in length. 
It spins a cocoon, which is simply a delicate, semi-transparent, 
circular sheet of white silk, stretched over a part of the floor of the 
mine. The pupa is dark brown in color, and bears a toothed crest 
upon its head (Fig. 758, 1, 0), which enables it doubtless to pierce or 
Saw its way out from the cocoon. The moth is a delicate little crea- 
ture, whose wings expand a little more than 6 mm. The fore wings 


si 


X- 


gq 
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Fig. 758.—Phyllonorycter hamadryadella: a, mine; b, young larva; c, full-grown, 
flat-form larva; d, head of same, enlarged; e, antenna of same, enlarged; f, 
round-form larva from above; g, same from below; h, head of same, enlarged; 
z, antenna of same, enlarged; k, maxilla and palpus of same, enlarged; J, 
labium, labial palpi, and spinnerets of same; m, pupa; n, side view of pupal 
crest; 0, front view of same; g, cocoon; Q, moth. (From the author’s Report 
for 1879.) 


are white, with three, broad, irregular, bronze bands across each, and 
each band is bordered with black on the inner side. The hind wings 
are silvery. civ, 

As this insect passes the winter as a larva within the dry leaves, 
the best way to check its ravages when it becomes a pest is to rake 
up and burn such leaves. ; 

Another common oak-leaf miner in the East is Phyllonorjcter 
cincinnatiélla. The larvee form large blotch mines on the upper 
surface of leaves. In this species the larve are social, one mine often 
containing from several to a dozen larve. The loosened epidermis is 
brownish yellow, somewhat puckered, and often covers nearly the 
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entire leaf. This species like most other gracilariids passes the winter 
as pupe. 

A common miner in the leaves of locust. is Paréctopa robiniélla. 
The larva makes on the upper surface of the leaf what has been 
termed a digitate mine, that is a blotch mine with a number of lateral 
galleries running out from it on each side. 

Several members of this family make tentiform mines in the 
leaves of apple and other fruit trees; but these species are rarely of 
economic importance. 


Famity COLEOPHORIDAS* 


Moths with a smooth head, without ocelli, and without maxillary 
palpi. The labial palpi are of moderate size. The antennz are held 
extended forward in repose. The wings are very narrow. The discal 


Fig. 759.—Wings of Coleophora laricella. 


cell of the fore wing extends obliquely; vein Cu; and vein Cuz when 
present are very short (Fig. 759). 


The larve are usually leaf-miners when young or feed within 
seeds; later, with few exceptions, they are case-bearers. 


Nearly all of our species belong to the genus Coleophora, of which 
about ninety species have been found in this country. The two follow- 
ing species are those that have attracted most attention on account 
of their economic importance. 


The pistol case-bearer, Coleéphora malivorélla.—The larva of this 
species infests apple especially but is also found on quince, plum, and 
cherry. Thelarvehatch in mid-summer from eggs laid on the leaves 
and eat little holes in the leaves. They soon construct little pistol- 


*The typical genus of this family is commonly known as Coleophora, the name 
used for it by Htibner in his “‘Tentamen.” But those writers who do not recognize 
the ‘““Tentamen”’ as a published work use the later name Hapfloptilia for the genus, 
and name the family the HaPLopriLup&. 
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shaped cases composed of silk, the pubescence of leaves, and excre- 
ment. The larva projects itself out from the case far enough to get 
a foothold and 
eats irregular 
holes in the leaf, 
holding the case 
at a considerable 
angle with the 
leaf. About Sep- 
tember first the 
larve migrate to 
the twigs where 
they fasten the 
eases. to> the 
bark (Fig. 760) 
and hibernate till 
April, spending 
about seven 
months in hiber- 
nation. They 


then pass to the Fig. 760.—Coleophora malivorella: a, apple twig mowing 
swelling buds larval cases and work on leaves; 5, larva; c, pupa; d, 
expanding jenees moth; 6, c, d, enlarged. (After Riley.) 

co) 


and flowers, 

where they continue feeding. They become full-grown in the latter 
part of May, and then fasten their cases to the smaller branches. 
After the case is fastened to the 
branch the larva turns around in 
it, and changes toa pupa; conse- 
quently the moth emerges from 
the curved end of the case. 

The cigar case-bearer, Coled- 
phora fletcherélla.—This species, 
like the preceding one, is a pest 
of apple and other fruit trees, and 
resembles that species to a con- 
Fig. 7€:.—Cases of the cigar case- siderable extent in habits. In 

bearer. (After Hammar.) this species the young larve are 

miners in the leaves for two or 

three weeks before making their cases. The case (Fig. 761) is com- 
posed of fragments of leaves fastened together by silk. 


Famity ELACHISTIDA 


The head is smooth. The scape of the antennz does not form an 
eye-cap. The venation is but slightly reduced (Fig. 762). The hind 
wings are lanceolate, with a well formed discal cell. 

The larve have sixteen legs. Most of the known species make 
blotch mines in grasses. And some at least when full-grown leave 
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the mine and weave a slight web from which the pupa hangs sus- 


pended, like the pupa of a butterfly. 
This is a small 


family; most of our 
species belong to 
the genus Elachista. 


FAMILY 
HELIOZELIDA 


The antenne 
are from one-half to 
two-thirds as long 
as the front wings; 
the scape is short 
and not enlarged 
Stel Cie so as to form an 
Fig. 762.—Wings of Elachista quadrella. (After Spuler.) eye-cap. The wings 

(Fig. 763) are lan- 
ceolate; in the hind wings there is no discal cell, owing to the coales- 
cence of the radial sector and media for nearly the entire length of the 
wing, vein R, sep- 
arating near the 
apex of the wing. 


The habits of 
the larve are well- 
illustrated by the 
following species. 


The resplendent 
shield-bearer, Cop- ey 
todisca_ splendorif- 
erélla.—This spe- 
cies infests the 
leaves of apple, 
pear, quince, thorn- 
apple, and wild 
cherry. ‘The larva 
is both a miner and 
a case-bearer. It at 
first makes a linear Fig. 763.—Wings of Antispila pfeifferella. (After Spu- 
mine; but later this et) 
is enlarged into a 
blotch mine. When full-grown the larva makes an oval case cut 
from the walls of its mine and lined with silk. It then seeks a safe 
place in which to fasten this case. This is usually on the trunk or 
on a branch of the infested tree (Fig. 764, d). There are two genera- 
tions annually. The second generation pass the winter as larve 


Se eg" 
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within their cases. The adult (Fig. 764, g), is a brilliantly colored 

g. , 2), y colored, 
golden-headed moth. The basal half of the front wings is leaden- 
gray with a resplendent luster and the remainder golden with silvery 
and dark brown streaks. It expands about s mm. 


Fig. 764.—Coptodisca splendoriferella: a, leaf of apple showing work; 6, summer 
arva: c, larva in case travelling; d, cases tied up for winter; e, hibernating 
larva; f, pupa; g, moth, h, parasite. (From the Author’s report for 1879.) 


The sour gum case-cutter, Antispila nyssefoliéila.—This species 
infests the leaves of Nyssa sylvatica. Its habits are similar to those 
of the preceding species. 


Famity DOUGLASIIDAE 


The scape of the antenne is small and does not form an eye-cap. 
The first segment of the labial palpi is small. The ocelli are large. 
The hind wings are lanceolate and without a discal cell, owing 
to the coalescence of the radial sector and media. Vein Rs; sep- 
arates from media near the middle of the length of the wing (Fig. 765). 
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This family is represented in this country by a single species, 
Tindgma obscuro- 
fasciélla, the larva 
of which is a leaf- 
miner in Rosacez. 


FAMILY 
C@COPHORIDZ 


The head is usu- 
ally smooth, with 
appressed scales; 
sometimes with 
loose scales and 
Fig. 765.—Wings of Tinagma obscurofasciella. (After spreading sidetufts. 

areata) The antenne usu- 
ally have a comb of bristles on the scape. The labial palpi are well- 
developed, generally curved upward; the terminal segment is acute- 
ly pointed. The maxillary palpi are vestigial. The wings are fairly 
broad, sometimes ample 
(Fig. 766). The venation 
is but little reduced. In 
the fore wings veins Ry 
and R; are stalked or co- 
alesce throughout; veins 
Re and Cute arise well 
back from the end of the 
discal cell; and vein rst 
A is preserved. In the 
hind wings veins R, and 
M,are well separated and 
extend parallel. The 
posterior tibia are cloth- 
ed with rough hairs 
above. 


Fig. 766.—Wings of Depressaria heracliana. 


The larve have sixteen legs; they are often prettily marked with 
dark tubercles on whitish or yellowish ground. The different species 
vary in their habits; the majority of them either live in webbed- 
together leaves or blossoms or feed in decayed wood; one species, 
Endrosis lacteélla, is a stored-food pest in California and in Europe. 


About one hundred species have been described from our fauna; 
many of them are common. A generic revision of the American 
species was published by Busck (’o9 a). The following one is a well- 
known pest. 


The parsnip webworm, Depressaria heracliana.—The larve of this 
species web together and devour the unfolding blossom-heads of 
parsnip, celery, and wild carrot. After the larve have consumed the 
flowers and unripe seeds and become nearly full-grown, they burrow 
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into the hollow stems and feed upon the soft lining of the intericr. 
Here inside the hollow stem they change to pupe. The moths appear 
in late July and early August, and soon go into hibernation in 
sheltered places. 


Famity ETHMIIDA2 


This family includes a small number of moths, which were former- 
ly included in the family (Ecophoride. The family Ethmiidee was 
established by Busck (‘o9b), who states that the main structural 
character of the imago by which this family can be distinguished 
from the Gicophoride is the proximity of vein Mg in the hind wings to 
vein M, instead of to vein Ms; as in the (Ecophorida, it being radial 
not cubital. Fracker (15) describes larval characters distinctive of 
the typical genus Ethmia. 

The members of this family have broad wings. The fore wings 
are usually bright colored, with striking patterns, often black and 
white. 

The larve, as a rule, are social, living in a light web. They feed 
chiefly on plants of the family Borraginacee. _ 

Most of the species belong to the genus Lthmia of which about 
thirty are now known. 


Famity STENOMIDA® 


This family includes large moths as compared with most ‘‘micros.’’ 
The wings are broad, especially the hind wings. In the fore wings 
all of the branches of the branched veins are typically present. 
In the hind wings vein M, is joined at its base to vein Rs. 

The larve live in webs on leaves, especially of oak. 

There are about twenty North American species, most of which 
belong to the genus Stenoma. 

A common species in the Atlantic States is Stendma schlegert. 
This is one of our larger species, having a wing-expanse of 30 mm. 
The moth is of a dirty white color with the fore wings mottled 
with darker bands and spots, and with a conspicuous patch of 
brown scales near the base of the inner margin. When at rest ona 
leaf the insect folds its wings closely about its body, and resembles 
in a striking manner the excrement of a bird. 


Famity GELECHIIDA 


The head is smooth or at most slightly ruffled. The labial 
palpi are long, curved, ascending, and usually with the terminal seg- 
ment acutely pointed. The maxillary palpi are vestigial or wanting. 
The venation of the wings (Fig. 767) is more or less reduced; the 
stem of vein M is wanting; vein rst A is wanting in the fore wings; 
and sometimes in the hind wings also. In the fore wings the second 
anal vein is forked at the base, 7. e., the tip of the third anal vein 
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unites with it; and in some forms, veins Ry and Rs coalesce through- 


out their length, but 
they are usually 
stalked. The hind 
wings are usually 
more or less trape- 
zoidal; and the 
outer margin is 
usually sinuate or 
emarginate below 
the apex. 


The larvee vary 
greatly in habits; 
some are leaf-min- 
ers; but more feed 
in rolled or spun to- 
gether leaves or in 
stems orseed heads; 
and one is a Serious 
pest of stored grain. 

This is the larg- 
est family of the 
Microfrenate ; 


’ 


Fig. 767.—Wings of Pectinophora gossypiella. (After 


more than four hundred species have been described from our fauna. 


Fig. 768.—Paralechia pinifoliella: larva, pupa, adult, and 


leaves mined by the larva. (From the Author’s Report 


for 1879.) 


A revision of the 
American moths 
of this family was 
published by 
Busck (’o3). 

The Angou- 
mois grain-moth, 
Sitdtroga cerealél- 
la.—The larva of 
this moth feeds 
upon seeds, and 
especially upon 
stored grain. It 
occurs through- 
out our country; 
but it is especial- 
ly destructive in 
the Southern 
States. In that 
part of the coun- 
try it isextreme- 
ly ditirenl teto 
keep grain long 
on account of 
this pest and cer- 
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tain beetles that also feed on stored grain. The adult moth is of a 
very light grayish-brown color, more or less spotted with black: it 
expands about 12 mm. The common name is derived from the fact 
that it has been very destructive in the province of Angoumois, 
France. The most effective method of destroying this pest is by 
the use of carbon bisulphide in the manner in which it is used against 
the grain-weevils, already described. 


The pine-leaf miner, Paraléchia pinifoliélla—It often happens 
that the ends of the leaves of pine present a dead and brown appear- 
ance that is due to the interior of the leaf having been eaten out. 
This is the work of the pine-leaf miner (Fig. 768). At the right 
season it is easy to see the long, slender larva in its snug retreat by 
holding a leaf up to the light and looking through it; and later the 
pupa can be seen in the same way. Near the lower end of the tunnel 
in each leaf there is a round hole through which the larva entered 
the leaf and from which the adult emerges. We have found this 
insect in several of the stouter-leaved species of pine, but never in 
the slender leaves of the white pine. In the North it is most abundant 
in the leaves of pitch-pine. 


The peach twig-borer, Andrsia line- 
atélla.—This pest is generally distribut- 
ed throughout the United States and 
Canada, and sometimes it destroys a 
large part of the crop in some localities. 
The young larve hibernate in small 
cavities which they excavate in the 
bark of young twigs. In the spring the 
larvee burrow into the tender shoots; 
the leaves of the buds unfold and then 
wither. There are several generations 
annually. The summer generations 
attack both twigs and fruit. 


The solidago gall-moth, Guortmo- 
schema gallesolidagints.—There are 
two kinds of conspicuous galls which 
are enlargements of the stems of 
golden-rod; one of these is a ball-like 
enlargement of the stem and is caused. 
by the larva of a fly, Eurosta solidaginis, 
described in the next chapter; the other 
is spindle-shaped (Fig. 769) and is __ 
caused by the moth named above. lis. iene ao 
The eggs are laid on the old plants in ae ape a see ik 
the fall and hatch in spring. The young 
larva crawls to a new shoot and boring down into it causes the 
growth of the gall. The larva becomes full-grown about the middle 
of July; then before changing to a pupa it eats a passage-way 
through the wall of the gall at its upper end, and closes the opening 
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with a plug of silk, which is so formed that it can be 
pushed out by the adult moth whenit isready to emerge. 


Some members of the family are leaf-rollers. 
Figure 770 represents a leaf rolled by a gelechiid larva, 
probably Anacimpsis tnnocuella, This species infests 
poplar. 


The pink bollworm, Pectindphora gossypiélla.—This 
species is regarded as one of the most destructive cotton 
insects known and ranks among the half-dozen most 
important insect pests of the world. It often reduces 
the yield of lint fifty per cent. or more and materially 
lessens the amount of oil obtained from the seeds. 


The adult is a small dark-brown moth, with a wing- 
expanse of from 15 to 20 mm. Figure 767 represents 
the shape and the venation of the wings. The larva 
eats the seeds and tunnels and soils the lint, causing 
the arrest of growth and the rotting or premature and 
imperfect opening of the boll (Busck). 


A detailed account of this pest, illustrated by many 
figures was published by Busck (’17). 


Famity BLASTOBASIDA& 


The scape of the antennz is armed with a fringe of 
strong bristles, or pecten. ‘The labial palpi are slender 
and upturned or vestigial. 


The discal cell of the fore wings(Fig. 771) is long 
Fig. 770.— compared with the lengths of the apical veins (Rz to 
Leaf rolled Ct); and these veins arise from the extreme end of 
by a _gele- the cell. As vein Ry arises near the base of the wing it 
chiid larva. is unusually distant from vein Re; to make up for the 
resulting weakening of the wing, the membrane is more 

or less thickened along the costa; this thickening is the so-called 
stigma. The hind wings are lanceolate, and rather narrower than the 
fore wings. Veins R; and M, are well separated at the end of the 
discal cell. Veins Mz, M3 and Cu; are close together or coincident. 


About one hundred species have been described from our fauna; 
among them are the following. 


The acorn-moth, Valentinia glandulélla—The larva of this species 
lives as a scavenger in acorns that have been destroyed by acorn- 
weevils Balaninus. The moth lays an egg in the destroyed acorn 
after the beetle has left it, and the larva hatching from this egg 
feeds upon the crumbs left by the former occupant. The larva passes 
the winter within the acorn. The moths emerge at various times 
throughout the summer. 


"LEPIDOPTERA 629 


: The oak-coccid blastobasid, Zenodochium coccivorélla.—The larva 
1s an internal parasite in the gall-like females of the coccid genus 
Kermes. I found it common at Cedar Keys, Fla. 


Fig. 771.—Wings of Holcocera. (After Forbes.) 


Famity COSMOPTERYGIDA 


The moths grouped together in this family vary greatly in 
structure. The fore wings are lanceolate, sometimes caudate, 7. e. with 
the apex greatly prolonged. Vein 1st A arises out of vein 2d A or is 
lost. The hind wings are lanceolate or linear. Vein R; is occasionally 
separate from vein Sc. Veins R, and M, are close together. 

The following species will serve as examples of members of this 
family. 

The palmetto-leaf miner, Homalédra sabalélla——This species oc- 
curs only in the South where the saw-palmetto grows; but it is of 
general interest as illustrating a peculiar type of larval habit. The 
larve can hardly be said to be leaf-miners; for they feed upon the 
upper surface of the leaf, destroying the skin as wellas the fleshy part 
of the leaf. They are social, working together in small companies, 
and make a nest consisting of a delicate sheet of silk covering that 
part of the leaf upon which they are feeding; this sheet is covered 
with what appears like sawdust, but which is really a mass of the 
droppings of the larve (Fig. 772). The full-grown larva attains a 
length of r2mm. The pupa state is passed within the nest made by 
the larve. The moth expands 15 mm. Its general color is a delicate 
silvery gray, with a tinge of lavender in some individuals. 

The cat-tail moth, Lymnecia phragmitélla.—The larva of this 
species feeds in the heads of cat-tail, Typha. It winters in the head, 
which presents a tattered and frayed appearance. The larve spin 
an abundance of silk, thereby tying the down or pappus together and 
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keeping it from blowing away. The overwintering larvee are half- 
grown. When full-grown some transform in the heads, but many 
go down and bore in the stems and transform there. 


Cosmopteryx.—‘The little moths belonging to the genus Cos- 
mopteryx are probably familiar to anyone who has collected and ob- 
served insects in nature. Who has not occasionally on a warm mid- 
summer day met with a slender little streak of gold and silver sitting 
in the sunshine on a leaf in a protected corner and twirling its long 
white-tipped antenne in graceful motions If, when examined more 
closely, it is found to be a smooth shining little moth, brown with 
silvery lines on palpi and antenne, and with a striking broad golden 
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Fig. 772.—Homaledra sabalella: larva, pupa, adult, and part of injured leaf. 
(From the Author’s Report for 1879.) 


or orange fascia across the outer half of the wing, bordered on both 
sides by bright metallic scales, then you have a Cosmépteryx.”’ 

“The larve are leaf-miners, and the mines are easily distinguished 
from most others by the scrupulous cleanliness with which thelarva 
ejects all its frass through a hole, so that the mine remains clear 
and white. At maturity the larva changes its color from green to a 
vivid purple or wine-red, leaves the mine, and spins a matted flattened 
cocoon of silk.’’ (Busck ’06). 


Among the better-known members of this family are the following: 


Stagmatophora gleditschieélla—The larva burrows in the thorns of 
locust. 


Mémpha_ eloisélla—There are several species of Mompha that 


infest the fruit and pith of the evening primrose. The best-known of 
these is this one. 


Psacaphora terminéllaa—The larva is a miner in willow-herb, 
Epilobium. 
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Famity SCYTHRIDIDA 


This family includes a group of genera that are closely allied to 
the Yponomeutidz and are included in that family by some writers. 
I do not find that any tangible characters of the adult insects separat~ 
ing the two families have been pointed out; but there appear to be 
differences in the setal characters of the larvee (see Fracker ’1s). 

The family is represented in our fauna by only two genera, Scythris 
and Eperménia, including twenty-two species. None of these species 
has attracted attention on account of its economic importance. 

The larve of Scythris magnatélla feed on Epilobium. They are 
solitary when small, folding over half of the leaf to the midribinthe 
central part of its length, attached with web. Later they form con- 
siderable web among the leaves. The pupa is formed in a delicate, 
flossy web. (Dyar). 

The larva of Eperménia pimpinélla feeds by forming a puffy mine 
on Pimpinella integerrima. The pupa is inclosed in a frail, open- 
meshed cocoon on the under side of a leaf or in angles of leaf-stalks. 
(Murtfeldt.) 

One of the more common representatives of this family is Scythris 
eboracénsis. The adult is a small black moth tinged with violet, with 
a wing-expanse of about 1o mm. It is found on flowers. 


Famity YPONOMEUTIDA* 


In this family the ocelli are small or absent. In the more typical 
forms the wings are comparatively broad, with the venation but little 
reduced. In the fore wings all of the branches of the branched veins 
are usually separate, and vein R; extends to the outer margin. In 
the hind wings veins R; and M, are well-separated. The first anal 
vein is distinct in both fore and hind wings. 

Writers differ greatly as to thelimits of this family; some include 
in it certain genera or groups of genera that by others areregardedas 
distinct families. 

In its restricted sense the family Yponomeutide includes about 
fifty North American species; among these are the following. 

The cedar tineid, Argyrésthia thuélla.—This is a small narrow- 
winged moth, which expands about 8mm. Its ground color is pearly- 
white, with the fore wings dotted and marked with brown, especially 
on the outer half of the wing. The larva feeds on the leaves of cedar, 
and when full-grown spins a small, conspicuous white cocoon attached 
to a leaf. 

The apple fruit-miner, Argyrésthia conjugélla.—The larva of this 
species is a serious pest in the apple orchards of western Canada. 
It is pinkish white in color and about 9 mm. in length. It burrows 
in all directions through the fruit, causing it to decay. The winteris 
passed in the pupal state. The cocoons are made under the bark on 
the trunk of the tree or under leaves on the ground; they are white, 


*An emended form of this family name, Hyponomeutide, is used by some 
writers. 
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and the outer layers have the threads arranged so as to form a 
beautiful openwork pattern. The adult moth has a wing-expanse of 
about 12 mm. It is figured by Slingerland and 
Crosby (’14). a 

The suspended lace-cocoon, Urodus parvula.— 
This beautiful cocoon (Fig. 773) 1s not uncommon 
in Florida. It is found in various situations. I 
found the specimen figured here attached to an 
orange leaf. The adult is a brownish moth without 


(INN markings and with a wing-expanse of 28 mm. 
S/N The ailanthus webworm, Attéva aurea.—The lar- 
MEOH vce live in communities within a slight silken web 
ae Tee on the Ailanthus; they feed on the leaves and also 
Pea gnaw the leaf-stalks in two. When the larva is full- 
HS grown it suspends itself in the middle of a loose web 
veanebeeey and transforms there. The adults appear in Sep- 
steel gf tember and October and pass the winter in this state. 
rey The adult is very striking in appearance. The fore 


wings are bright marigold-yellow with four bands of 

Fig. 773-—Co- round pale sulphur-yellow spots upon a brillant 

coon of Uro- steel-blue ground. The hind wings are transparent, 

dus parvula with a dusky margin and blackish veins. The wing- 
expanse is about 25 mm. 

The ermine-moths, Yponomeita.—There are several species of 
the typical genus of this family that have received the common name 
ermine-moths, because of the color of their fore wings, which are 
snowy white dotted with black. One of these, Yponomezta padélla, 
is an introduced species which is an apple and cherry pest. The 
larvee live in a common web, and in this they spin their cocoons. 

The name ermine-moths is applied also, especially in England, to 
some of the Arctiidee that are white spotted with black. 


Famity PLUTELLIDA 


This family is closely allied to the Yponomeutide and is regarded 
by many writers as a subfamily of that family. These moths differ 
from the Yponomeutide in that they hold the antennz extended 
forward in repose; in this respect they resemble the Coleophoridz. 
The larvee differ from those cf the Yponomeutide and the Scythrididz 
in that their prolegs are longer than wide. 

About fifty North American species have been described; these 
represent nine genera. The most important species from an economic 
standpoint is the following one. 

The diamond-back moth, Plutélla maculipénnis.—The larva of this 
species infests cabbage and other cruciferous plants, eating holes of 
variable size and irregular form in the leaves. It is sometimes also 
a pest in greenhouses, infesting stocks, wall-flowers, sweet alyssum, 
and candytuft. The larva when full-grown spins a lace-like cocoon 
attached toa leaf. The moth expands about 15 mm. The fore wings 
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of the male are ash-colored, with a yellow stripe outlined by a wavy 
dark line extending along the inner margin. When the wings are 


closed, the united yellow 
stripes form a row of 
three diamond-shaped 
markings. These sug- 
gested thecommon name 
of the species. In the 
female the front wings 
areanearly uniform gray. 
The hind wings in both 
sexes are a dull gray. 


FAMILY 
GLYPHIPTERYGID 


The ocelli are usually 
large. The maxillz are 
strong and clothed with 
scales. The maxillary 
palpi are vestigial or 
wanting. The labial pal- 


Fig. 


M, 


224A 1stA Cu, , 


774.—Wings of Glyphipteryx thrasonella. 
(After Spuler.) 


pi are upturned to the middle of the front or beyond, often beyond 


the vertex. 


Fig. 775.—Wings of Simethis fabriciana, 
(After Spuler.) 


In the fore wings veins Ry and R; are usually separate 


and vein Cup arises close to the 
angle of the discal cell. In the 
hind wings the second anal vein is 
strongly forked at the base. 
Nearly forty North American 
species are now known. ‘These 
represent two subfamilies. 
SUBFAMILY GLYPHIPTERYGI- 
N#&.—This subfamily is composed 
chiefly of the species of the genus 
Glyphipteryx. In this genus the 
wings are moderately broad (Fig. 
774) and the fore wings have a 
lobe-like prolongation between 
veins Ryand R;. Ten species are 
now listed from our fauna. 
SUBFAMILY CHOREUTINZ.— 
In this subfamily the wings are 
broad and triangular (Fig. 775), 
and usually with narrow fringes. 
The moths bear a striking re- 
semblance to tortricids. The lar- 
ve live under webs on leaves or 


between leaves that are fastened together. 
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The hind wings are narrow-lanceolate and pointed or linear and 
much narrower than their fringe. The maxillary palpi are minute 
and porrect. The labial palpi are very short and drooping. The 
maxillze are strong. The tarsi are armed with more or less distinct 
whorls of bristles; the tibize are also often armed with stiff bristles. 
Usually when at rest the imago holds the posterior pair of legs ele- 
vated at the sides above the wings. 

The larve are not well-known; those that have been described are 
of various habits. 

Cycléplasis panicifoliélla.—The larva of this species mines in grass, 
Panicum clandestinum. Its mine is at first a long thread-like line; 
towards the latter part of the life of the larva it is enlarged intoa 
blotch. When the larva has reached maturity, it cuts a perfectly 
circular disk from the upper cuticle of the leaf, folds it along its di- 
ameter and unites the edges of the circumference, so as to make a 
semicircle. When completed the larva, enclosed in its semicircular 
cocoon, lets itself fall to the ground, where it attaches the cocoon to 
some adjacent object. (Clemens). 

Schreckensteinia erythriélla.—The larva feeds on sumac bobs. It 
is common; the body is uniform dark green, but the frass is scarlet. 
When full-grown it makes a lace-like cocoon on the outside of the bob. 

Schreckensteinia festaliélla,—The larva of this species isan external 
feeder on Rubus; it is 
spiny, and when full- 
grown makes a lace- 
like cocoon. 

Eucleménsia basset- 
télla.—The larva is an 
internal parasite in the 
gall-like females of the 
coccid genus Kermes. 
The adult is a beauti- 

ful greenish-black 
Fig. 776,—Euclemensia bassetiella. moth, which has its 
fore wings marked 


with reddish orange (Fig. 776). 
The genus Euclemensia is placed in this family provisionally. 


Famity AIGERIIDA 
The Clear-winged Moths 


The clear-winged moths constitute a very remark- 
able family, many of them resembling bees or wasps 
in appearance more than they do ordinary moths, a 
resemblance due to their clear wings and in some cases to their bright 
colors (Fig. 777). There are a few moths in other families, as the 


Ie, WPF 
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clear-winged sphinxes and certain euchromiids, that have a greater or 
less part of the wings devoid of scales; but they are exceptions. 
Here it is the rule that the greater part of one or both pairs of wings 
are free from scales; hence the common name, clear-winged moths. 
In a small number of members of this family the wings are scaled 
throughout. 


These insects are of moderate size; as a rule they have spindle- 
shaped antenne, which are terminated by a small silky tuft; some- 
times the antenne are pectinate; the margins of the wings and the 
veins of even the clear-winged species are clothed with scales; and 
at the end of the abdomen there is a fan-like tuft of scales. 


2d A 
Fig. 778.—Wings of Synanthedon exitiosa. 


The fore wings are remarkable for their extreme narrowness and 
the great reduction of the anal area (Fig. 778); while the hind wings 
have a widely expanded anal area. The number of anal veins in the 
hind wings varies greatly within the family, the number ranging from 
two to four; where there are four anal veins, it is probably the third 
anal vein that is forked. 

Another remarkable feature of the wings of these insects is that 
in the female the bristles composing the frenulum are consolidated 
as in the male; this condition exists in the females of a few members 
of other families. The females of the Aigeriidz possess a frenulum 
hook; but this is not so highly specialized as that of the male. 

In addition to the presence of a highly specialized frenulum 
and a frenulum-hook, there is a unique provision for holding the 
fore and hind wings together. The inner margin of the fore wing is 
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folded under; and the radius of the hind wing is armed with sete, 
which hook into this fold. 

The adults fly very swiftly and during the hotter part of the day. 
They frequent flowers thus increasing their resemblance to bees or 
to wasps. The larve are borers, living within the more solid parts 
of plants. Some species cause serious injury to cultivated plants. 
More than one hundred species have been found in America north of 
Mexico. Among the better known species are the following. 

The blackberry crown-borer or the raspberry root-borer, bembécia 
marginata.—The larva of this species burrows in the roots and lower 
part of the canes of blackberries and raspberries, sometimes completely 
girdling the cane at the crown. 

The peach-tree borer, Synanthedon exitidsa.—This is the most 
important enemy of the peach-tree,except perhaps the San José scale 
in the North and the plum curculio in the South. In some parts of 
the country it is difficult to find a peach-tree that is not infested by it. 
The eggs are laid on the bark of the tree near the ground. The larve 
bore downward in the bark of the trunk just below the surface of the 
ground. Their burrows become filled by a gummy secretion of the 
tree. As this oozes out in large masses the presence of the borer is 
easily detected by it. The insect always passes the winter in thelarval 
state. When full-grown the larva comes to the surface of the ground 
and makes a cocoon of borings fastened together with silk. The 
perfect insects appear from May till October; 
the date at which most of them appear varies in 
different sections of the country. There is a 
single generation each year. The adults differ 
greatly in appearance. The general color of 
both sexes is a glassy steel-blue. In the female 
(Fig. 779) the fore wings are covered with scales, 
Fig. 779.-Synanthedon and there is a bright orange-colored band on the 

exittosa, female. abdomen. In the male both pairs of wings are 
nearly free from scales. The usual method of 
fighting this pest is to carefully watch the trees and remove the larvze 
with a knife as soon as discovered. Recently the use of a toxic gas, 
paradichlorobenzene, has been found available on trees six years of 
age and older; and experiments are now being made to determine 
the practicability of its use on younger trees. See U. S. Dept. of 
Agr. Bull. 1169, and later bulletins when published. 


The Pacific peach-tree borer, Syndnthedon opaléscens——On the 
Pacific Coast there is a peach-tree borer that is distinct from the 
above, and appears to be an even more serious pest. The larva is 
more difficult to remove from the tree, as it bores into the solid wood. 
The female of this species lacks the orange-colored band on the 
abdomen. 


_The lesser peach-tree borer, Syndnthedon pictipes—The larvee of 
this species infest peach, plum, cherry, june-berry, beach-plum, and 
chestnut. They do not confine their attacks to the crown but more 
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often occur on the trunk and larger branches. This borer rarely 
attacks perfectly sound, uninjured trees and is not a serious pest in 
orchards that receive good care. Both sexes of the adult resemble 
the male of the peach-tree borer, having both fore and hind wings 
transparent. 


The imported currant borer, Cham esphécia tipuliformis.—This is a 
small species, the adult having a wirig-expanse of only about 18 mm. 
There are but few scales on either pair of wings except on the tip and 
discal vein of the fore wings and the outer margin of the hind wings. 
The eggs are laid on the twigs of currant. The larve penetrate the 
stem, and devour the pith; in this way they make a burrow in which 
they live and undergo their transformations. The perfect insects 
appear in June. Before this time the leaves of the infested plant turn 
yellow. If such plants be cut and burned in May the pest will be 
destroyed. 

The squash-vine borer, Melittia satyriniformis.—The larva of this 
species (Fig. 780) does great damage by eating the interior of squash- 
vines; it also 
sometimes in- 
fests pump- 
kin-vines and 
those of cu- 
cumber and 
melon. It is 
most destruc- 
tive to late 
squashes . Sa 
When full- 
grown the lar- 
ve leave the 
vines and enter the ground, where they make tough silken cocoons, a 
short distance below the surface, in which the winter is passed. The 
adults appear soon after their food-plants start growth. The fore 
wings of the adult are covered with scales and the hind legs are 
fringed with long, orange-colored scales. To check the ravages of 
this pest, the vines should be collected and destroyed as soon as 
the crop is harvested in order to destroy the larve that are still in 
them; the land should be harrowed in the fall to expose the cocoons 
and then plowed deeply the following spring in order to bury them so 
deeply that themothscannotemerge. Ifthe vineiscovered with earth 
two or three feet from its base it will produce a new root system which 
will sustain the plant in case the main stem is injured at the base. 
Where late squashes are grown early squashes can be used as trap 
plants. Borers can be removed from the vines with a knife; when 
this is done the vine should be cut lengthwise, and, after the larva is 
removed, the vine covered with earth; if this is done carefully the 
wound will soon heal. 

The pine clear-wing moth, Parharmonia pini.— Frequently there 
may be seen on the trunks of pine-trees large masses of resinous gum 


Fig. 780.—Melittia satyriniformis, larva in squash-vine 
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mingled with sawdust-like matter. These are the results of the work 
of the larvze of this insect, which bore under the bark and into the 
superficial layers of the wood. The adult resembles the female of 
the peach-tree borer, but the abdomen is more extensively marked 

with orange beneath. 


So re KG Rak, SUPERFAMILY 


A TORTRICOIDEA 


M, The Tortricids 


The tortricids are 
Cuz generally small moths; 
TA but as a rule they are 
é larger than the mem- 
bers of most of the 
families of the Micro- 
frenate. They have 
broad front wings, 
which usually end 
squarely. The costa 
of the front wings 
curves forward strong- 
ly near the base of the 
wing. When at rest 
: : ‘ ; the broad front wings 
Fig. 781.—Wings of Archips cerasivorana. fold above the body 

like a roof. The moths 
are variegated in color, but are usually brown, gray, or golden rather 
than of brighter hues. Asa rule the hind wings are of the color of 
the body and without markings. The venation of the wings of a 
common species is represented by Figure 781. 


The larvee vary greatly in habits. Many of them are leaf-rollers. 
It was this habit that suggested the name T ortrix for the typical genus, 
from which the names of one family and of the superfamily are 
derived. A large portion of the rolled leaves found upon shrubs and 
trees are homes of tortricid larvae; but it should be remembered that 
the leaf-rolling habit is not confined to this family. While many are 
leaf-rollers probably a larger number are borers in stems, buds, or 
fruits. 


About eight hundred North American species of the Tortricoidea 
have been decribed. This superfamily includes four families, which, 
can be separated by the following table. 


A. Both veins M; and M, of the hind wings lost. p. 644.......... CARPOSINIDA 
AA. Vein M; of the hind wings present, vein M, either present or lost. 
B. With a fringe of long hairs on the basal part of vein Cu of the hind wings, on 
the upper side of the wing. Do not mistake a bunch of long hairs arising 
from the wing back of vein Cu for this fringe. 
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C. Fore wings with veins R, and R; stalked or united, veins M., M,, and 
Cu, diverging or parallel. (A few species only). p. 642..... TORTRICIDA 
CC. Fore Wings with veins R, and R; separate, or with veins M., M;, and 
Cur converging strongly toward the margin of the wing. p. 639...... 


wings. 

C. Fore wings with the distal part at least of vein rstA preserved. Vein 
Cu, of the fore wings arising from a point before the outer fourth of the 
discal cell. 

D. Veins M,; and M, of the fore wings somewhat approximate at the 


margin of the wing (Laspeyresia lautana) p. 639..... OLETHREUTIDA 
DD. Veins M, and M, of the fore wings divergent or parallel. p. 642 
Sa AO eucalg Sgn ok Roe at er ae ee sc) A SEE Re Se TORTRICIDA 


CC. Both fore and hind wings with vein 1stA lost, vein Cuz of the fore 
Wings arising from the outer fourth of the discal cell. p.643 PHALONIIDE 


Famity OLETHREUTIDA* 


As a rule the members of this family are easily distinguished from 
all other tortricids by the presence of a fringe of long hairs on the 
basal part of cubitus of the hind wings, on the upper side of the 
wing. ‘This fringe is lacking in a few members of this family andis 
present in a few members of the next family. 

This is the largest of the families of tortricids; more than four 
hundred North American species have been described. The following 
species are among those most likely to be observed, and will serve 
to illustrate the differences in habits of the different species. 

The codlin-moth, Carpocdpsa pomonélla.—This is the best known 
and probably the most important insect enemy of the apple. The 
larva is the worm found feeding near the core of 
wormy apples. The adult (Fig. 782) is a beautiful 
little creature with finely mottled pale gray or rosy 
fore wings. ‘There is a large brownish spot near the 
end of the fore wing, and upon this spot irregular, 
golden bands. The moth issues from the pupa state Fig. 782.—Car- 
in late spring and lays its eggs singly on the surface Lee ea POM 
of the fruit or on adjacent leaves. As soon as the ; 
larva hatches it burrows into the apple and eats its way to the core, 
usually causing the fruit to fall prematurely. When full grown the 
larva burrows out through the side of the fruit, and undergoes its 
transformations within a cocoon, under the rough bark of the tree, 
or in some other protected place. Thenumber of generations annually 
varies in different parts of the country. Asarule there is in the North 
one full generation and usually a partial second; where the season is 
longer there are two or three generations. The larve winter in their 
cocoons transforming to pupe during early spring. 

The method of combating this pest that is most commonly em- 
ployed now is to spray the trees with a solution of arsenate of lead, 
four to six pounds of arsenate of lead in one hundred gallons of water, 
just after the petals fall and before the young apples are heavy 


*This family is the Eucosmidz of some writers, and the Epiblemide of others. 
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enough to droop. The falling spray lodges in the blossom end of the 
young apple, and many of the larvee which attempt to enter at this 
point, the usual place of entrance, get a dose of poison with their 
first meal. 

The pine-twig moths, 
Evétria.—The genus Eve- 
rtia includes many spe- 
cies that infest the twigs 
and smaller branches of 
various species of pine. 
Some of our best known 
species were described 
under the generic name 
Retinia but now the old- 
er name Evetria is applied 
to them. The following 
species are well-known. 

Evétria comstockiana. 
—This species (Fig. 783) 
illustrates well the hab- 
its of the boring species. 
The larva infeststhesmall 
branches of pitch-pine. 
It is a yellowish-brown 
caterpillar, which makes 
a burrow along the cen- 
tre of the branch. Its 
presence may be detect- 
ed by the resin that flows 
out of the wound in the 
twig and hardens into a 
lump. Two of these 
lumps are shown in the 
figure, one of them split 
lengthwise, and the oth- 
er with a pupa-skin pro- 
Fig. 783.—Evetria comstockiana: larva, pupa, jectingfromit. The lar- 

adult, and work. (From the Author’s Report va, pupa, and adult are 

Scie also figured. The moth 
is represented natural size; the darker shades are dark rust-color, 
and the lighter, light-gray. The insect winters as a larva; the adult 
emerges in May and June. 


Evétria frustrana.—This species infests the new growth of several 
species of pine, spinning a delicate web around the terminal bud, and 
mining both the twig and the bases of the leaves. The larva, pupa, 
and adult are represented somewhat enlarged in the figure. An in- 
tested twig is also shown (Fig. 784). 


The grape-berry moth, Polychrosis viteana——The most common 
cause of wormy grapes is the larva of this moth. The moth emerges 
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in the spring from its cocoon on a fallen leaf where 1t has passed the 
winter in the pupa state. The first generation of larvae make a slight 
web among the blossom buds into which they eat destroying many 
embryo grapes. When full-grown the larva passes to a leaf and makes 
a very peculiar cocoon. It cuts a semicircular incision in theleaf, 
bends over the flap thus made, fastens its 
free edge to the leaf, and lines the cavity 
thus enclosed with silk; here it trans- 
forms toa pupa. The moths of the second 
and later generations lay their eggs on the 
berries, and the larve bore into them 
and feed onthe pulpand seeds. The most 
efficient method of control of this pest is 
by spraying with a solution of arsenate of 
lead, six pounds of the poison in one hun- 
dred gallons of water. The first applica- 
tion should be made shortly after the 
fruit sets, and one or two moreat intervals 
of ten days. 


The bud-moth, 7metécera ocellana.— 
The larva of this insect is a pest infesting 
apple-trees. It worksin opening fruit-buds Fig. 784.—Evetria frustrana: 
and leaf-buds, often eating into them, larva, pupa, adult, and 
especially the terminal ones, so that all work, (From the Au- 
new growth is stopped. It also ties the thors Report for 1879.) 
young leaves at the end of a shoot to- 
gether and lives within the cluster thus formed, adding other leaves 
when more food is needed. Sometimes so large a proportion of the 
fruit-buds are destroyed as to seriously reduce the amount of the 
crop. The pupa state is passed within the cluster of tied leaves or 
within a tube formed by rolling up one side of a leaf, and lasts about 
ten days. The moth expands about 15 mm.; it is of adarkashen gray, 
with a large, irregular, whitish band on the fore wing. 


The clover-seed caterpillar, Laspeyrésia interstinctana.—This is a 
common pest which feeds in the heads of clover, especially red clover, 
destroying many of the unopened buds and some of the tender green 
seeds, and spoiling the head asa whole. It sometimes greatly dimin- 
ishes the crop of seed. There are three generations annually. The 
last generation passes the winter in the pupa state as a rule; but 
some larve hibernate under rubbish. The adult is a pretty brown 
moth, with a series of silvery marks along the costal margin of the 
fore wings, and two on the inner margin, which form a double crescent 
when the wings are closed on the back. This moth expands 10 mm. 
If the hay is cut early and stored the larvee will be destroyed while 
still in the heads..- 
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Famity TORTRICIDA 


The Typical Tortricids 


The tortricide differ, as a rule, 
from the preceding family in lacking 
a fringe of long 
hairs on the basal 
part of the cubitus 
of the hind wings. 
In the fore wings i 
the distal part of Fig. 786. —Arch- 


Fig. 785.—Nest of Archips rosana. the first anal vein ips rosand. 
is preserved, and 
vein Cup arises from a point before the outer fourth of the discal Cell: 


In a recent list 165 North American species 
are enumerated; these represent 15 genera. 

Several of our better-known members of 
this family belong to the genus Archips. This 
is the genus Cacecia of those writers who do 
not recognize the names proposed by Htbner 
in his ““Tentamen.”’ These insects have been 
named the ugly-nest tortricids; ugly dwelling 
being the meaning of Cacecia, and also descrip- 
tive of the nests of the larvee of these insects. 
The four following species are common. 

The rose ugly-nest tortricid, Archips rosana. 
—The larva of this species feeds within the 
webbed-together leaves of rose and a number 
of other plants. Figure 785 represents the nest 
of a larva ina currant leaf; and Figure 786 the 
adult of this species. This moth expands about 
20 mm. The fore wings are olive-brown, 
crossed by bands of darker color; the hind 
wings are dusky. This species differs from the 
two following in that each larva makes a nest for 
itself. 

The cherry-tree ugly-nest tortricid, Archips 
cerasivorana.—This species lives upon the 
choke-cherry and sometimes upon the culti- 
vated cherry. The larvee, which are yellow, 
active creatures, fasten together all the leaves 
and twigs of a branch and feed upon them 
(Fig. 787), an entire brood occupying a single 
nest. The larvae change to pupz within the 
nest; and the pups, when about to transform, 
work their way out and hang suspended from 
the outer portion of the nest, clinging to it 
only by hooks at the tail end of the body. 


Fig.) 787.— Nest of 
Archips cerasivor- 
anda. 


Here they transform, 
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leaving the empty pupa skins projecting from the nest, as shown in 
the figure. The moths vary in size, the Wing ex- 
panse of those we have bred ranging from 20 mm. 
to nearly 30 mm. The wings are bright ochre- 
yellow; the front pair marked with irregular 
ee aay and numerous transverse bands 
of leaden blue (Fig. 788, male; Fig. 789, female). .. ; 

The oak ugly-nest tortricid, Arch etree: ie ahs a ou iae 3 
—The nests of this species are common on our male. Rie 
oak-trees in late summer. They are merely a wad 
of leaves fastened together. Each nest contains several larve; later 
the empty pupa-skins may be found clinging to the outside of the 
nest as in the preceding species. 

The fruit-tree ugly-nest tortricid, Archips 
argyrospila.—This is one of the most destructive 
of the leaf-rollers infesting fruit trees. It isa very 
general feeder attacking both fruit and forest trees. 
; The eggs are laid on the bark of the twigs in June. 
Fig. 789.—Archips The larve hatch about May rst of the following 

eoacls vvorand, ear and enter the opening buds, where they roll 

; and fasten the leaves loosely together with silken 
threads. After the fruits set, they are often included in the nests 
and ruined by the caterpillars eating large irregular holes in them. 

The pine-leaf tube-builder, Eulia pinatubana.—One of the most 
interesting of tortricid nests occurs commonly on white pine. Each 
nest consists of from six to fifteen leaves drawn together so astoform 
a tube, and is lined with silk. This tube serves as a protection to the 
larva, which comes out from it to feed upon the ends of the leaves 
of which the tube is composed; in this way the tube is shortened. 
I bred the moth from nests collected at Ithaca, N. Y.; and have 
found similar nests as far south as Florida. The moth expands 12 
mm. Its head, thorax, and fore wings are of a dull rust-red color, 
with two oblique paler bands crossing the fore wings, one a little 
before the middle, the other a little beyond and parallel with it. 


Famity PHALONIIDA 


In this family and in the following one the first anal vein is lost 
in both fore and hind wings and vein Cup arises from the outer fourth 
of the discal cell. In this family vein Mi of the hind wings is pre- 
served, usually stalked with vein R,. The palpi of the two sexes are 
alike. 

More than one hundred North American species have been de- 
scribed, and constantly others are beingfound. Comparatively little 
is known about the habits of our species; but most of the European 
species whose habits are knownare borers, chiefly in herbaceous plants. 

The juniper web-worm, Phalénia rutilana.—This is an imported 
species which has attracted attention by its injuries to junipers, the 
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leaves of which it fastens together with silk. In this way it makes a 
more or less perfect tube within which it lives, but from which it 
issues to feed. Themoth expandsabout 12 mm. and has bright, glossy, 
orange fore wings, crossed by four reddish brown bands. 


Famity CARPOSINIDAD 


This family is distinguishedfrom the preceding one by the fact 
that in the hind wings both vein M, and vein Mz are completely lost, 
and the palpi of the male are short while those of the female are long. 
This is a small family, only five North American species are now 
listed, and very little is known regarding the habits of these. 

The currant-fruit-worm, Carpésina fernaldana.—In the unpub- 
lished notes of the late Professor M. V. Slingerland, I find an account 
of this insect. The larva feeds within the fruit of the currant, eating 
both the'pulp and the seeds. The infested fruit soon drops. When 
full-grown the larva leaves the berry and goes into the ground to 
transform. The adult emerges in the following spring about the time 
the currants are turning red. 


SUPERFAMILY PYRALIDOIDEA 
The Pyralids and their Allies 


This group of families includes a very large number of small or 
moderate-sized moths, of fragile structure, normally with firmly and 
finely scaled wings, and with the anal area of the hind wings broad. 
The first anal vein of the fore wings is almost always lost, and there 
is no accessory cell. In the hind wings, there are usually three anal 
veins; and veins Sc and R are separate along the discal cell, but 
grown together or closely parallel for a short distance beyond the cell. 
The maxille are scaled at their base; and the maxillary palpi when 
present are of the porrect type. The labial palpi often project 
beak-like. 

The larvee are characterized by the presence of only two setz on 
the prespiracular wart of the prothorax, and by sete IV and V of the 
abdomen being close together. 

This superfamily includes the five following families, which can 
be separated by the characters given in Table A, page 584. 


Famity PYRALIDIDA® 
The Pyralids 


The members of this family found in our fauna are mostly small 
moths, but a few are of moderate size; some tropical species, however, 
are quite large. So large a portion of the species are small that the 
family has been commonly classed with the preceding families as 
Microlepidoptera. 
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The members of the different subfamilies of this family differ so 
greatly in appearance that it is not possible to give a general descrip- 
tion that will serve to distinguish it; a very large portion of the species 
havea special look, due to their thin and ample hind wings with large 
anal areas; it is necessary, however, to study structural characters to 
find evidences of a common bond. y 


The body is slender; the head is prominent; the ocelli are usually 
present; the antenne are almost always simple, but frequently the 
antenne of the male have a process on the scape or a notch and tuft 
on the clavola; and the palpi are usually moderate in size or long; 
but very often they project beak-like; for this reason the name 
snout-moths is often applied to this family. 


Fig. 790.—Wings of Nomophila noctuella. Fig. 791.—Wings of Tlascala reductella. 


As a rule there are three anal veins in the hind wings and one in 
the fore wings. The discal cell is always well-formed, but there is no 
accessory cell. In most cases the pyralids can be recognized by the 
fact that the subcosta and radius of the hind wings are separate along 
the discal cell, but grown together for a short distance beyond the 
cell, after which they are again separate (Fig. 790). In some genera 
these two veins do not actually coalesce, but extend very near to- 
gether for a short distance (Fig. 791). The two types, however, are 
essentially the same. 


This is one of the larger families of the Lepidoptera; nearly one 
thousand species have been described from America north of Mexico 
alone. The family is divided into many subfamilies,representatives 
of fifteen of which are found in our fauna. The best known species, 
those that have attracted attention on account of their economic 
importance, belong to the subfamilies discussed below. 
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SUBFAMILY PYRAUSTINA 
The Pyraustids 


This is one of the larger of the subfamilies of the Pyralidide; 
about three hundred species have been described 
from America north of Mexico. This subfamily in- 
cludes many small moths; but it contains also the 
majority of the larger species of pyralids; some of 
the species are very striking in appearance. 
Fig. 792. — Des- The members of this subfamily differ from other 
mia funeralis. 1 ralids by the following combination of characters. 
There is no fringe of long hairs on the basal part of 
vein Cu of the hind wings; veins Re and Rs; of the fore wings arise 
» from the discal cell 
distinct from vein 
Ry, (Fig. 790); and 
the maxillary palpi 
are never very large 
and triangular. 
Among our better 
known species are 
the following. 

The grape leaf- 
folder, Désmia fun- 
éralis. —T his isa 
common species 
throughout the 
United States, the larva of which feeds 
on the leaves of grape. The larva folds 
the leaf by fastening two portions to- 
gether by silken threads. When full 
grown it changes to a pupa within the 
folded leaf. The moth is black with 
shining white spots. The male (Fig. 
792) differs from the female in havinga 
knot-like enlargement near the middle 
of each antenna. There is some vari- 
ation in the size and shape of the white 
spots on the wings. In some females 
the white spot of the hind wings is sep- 
arated into two or three spots. There 
are two generations of this species inthe 
North and three or more in the South. 

The basswood leaf-roller, Pantégra- 
pha limata.—Our basswood trees often 
present a strange appearance in late 
summer from the fact that nearly every 


leaf is cut more than half way across the 
middle, and the end rolled intoa tube (Fig.793). Within this tube there 


Fig. 793.—Nest of larva of Pan- 
tographa limata. 
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livesa bright green larva, with the head and thoracic shield black. When 
full grown the larva leaves this nest and makes a smaller and more 
simple nest, which is merely a fold of one 
edge of the leaf, or sometimes an incision is 
made in the leaf extending around about 
two-thirds of a circle and the free part bent 
over and fastened; in each case the nest is 
lined with silk, thus forming a delicate co- 
coon. Here the larve pass the winter in 
fallen Jeaves. At Ithaca, N. Y., Professor _. 
Slingerland found that the larve did not Fig. 794.—Pantographa 
pupate till the following July, and that ti 

adults emerged in August. The adult moth expands about 33 mm.; 
it is straw-colored with many elaborate markings of olive with a 
purplish iridescence (Fig. 794). 

The melon-worm, Diaphania hyalinata.—This beautiful moth (Fig. 
795) is often a serious pest in our Southern States, where the larvais 
very destructive to melons and other allied plants. The young larve 
feed on the foliage; the older ones mine into the stems and fruit. 
The insect passes the 
winter as a pupa in loose 
silken cocoons in dead 
leaves or under rubbish. 
The moth is a superb 
creature, with glistening 
white wings bordered 
with black, and with a 
spreading brush of long 
scales at the end of the 
abdomen. This species 
appears to be injurious 
only in the Gulf States, 
but the moths have been 
taken as far north as 
Canada. 

The most practicable 
method of protecting 
cantaloupes and cucum- 
bers from this pest is by 
planting summer squash- 
es among them as a trap 
crop at intervals of about 
two weeks so as to fur- 

: — . tater ye Cocoon, nish an abundance of 

eT ae tioe tae nations Report for buds and blossoms dur- 

1879.) ing July and August. 

The earlier squash vines 

should be removed and destroyed before many worms have reached 

maturity on them; and after the crop is harvested the vines and 
waste fruits should be gathered and destroyed. 
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The pickle-worm, Diaphania nitidalis——This species is closely 
allied to the preceding one. The wings of the moth are yellowish 
brown with a purplish metallic reflection; a large irregular spot on 
the front wings and the basal two-thirds of the hind wings are sem1- 
transparent yellow. The tip of the abdomen is ornamented with a 
brush of long scales, as in the preceding species. The range and 
habits of this species are quite similar to those of the melon-worm; 
and it should be fought in the same way. 

The Webworms.—The larvee of many pyralids have the habit of 
spinning a silken web beneath which they retreat when not feeding, 
and on this account have been termed webworms. Several species 
of these webworms belong to this family; among them are the follow- 
ing. ons 
The cabbage webworm, Héllula unddalis—This species infests 
various crucifere in the Gulf and South Atlantic States. The larva 
is about 12 mm. in length, of a grayish yellow color, striped with five 
brownish-purple bands. 

The garden webworm, Loxéstege similalis.—This species 1s most 
injurious in the Southern States and in the Mississippi Valley. It 
infests various garden crops and corn and cotton. The larva varies 
in color from pale and greenish yellow to dark yellow and is marked 
with numerous black tubercles. 

The European corn-borer, Pyrausta nubilalis—This is a greatly 
feared pest which has recently appeared in this country. It is a 
borer in the stems of plants, in which it winters asa partly grown larva. 
Its favorite food appears to be corn and especially sweet corn; but it 
infests other cultivated plants, as dahlias and gladiolus, and many 
large-stemmed weeds. The full-grown larva measures about 20 mm. 
in length; the adult moth has a wing-expanse of from 25 to 30 mm. 
As this is written, efforts are being made by the National Government 
and by several State Governments to prevent the spread of this pest; 
and many circulars and bulletins are being published regarding it. 


SUBFAMILY NYMPHULIN/@ 
The Aquatic Pyralids 


This subfamily is of especial interest as the larve are nearly all 
aquatic, differing in this respect from nearly all other Iepidoptera. 
The larvee of most of the species live upon plants, like water lilies 
and pond weeds, that are not wholly submerged; but in some species 
thelarva has a trueaquatic respiration, being furnished with tracheal 
gills. In our best known species, these tracheal gills are numerous 
and form a fringe on each side of the body of long slender filaments, 
which are simple in some species and branched in others. 

The larve vary greatly in habits; some species live free upon the 
plants they infest; in some species, each larva makes a case of two 
leaf fragments fastened together at the edges; most of the described 
larve live in quiet waters, lakes, ponds, or pools, but the larva of 
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Eléphila fulicalis was found by Lloyd (’14) to live beneath sheets of 
silk spun over exposed surfaces of current-swept rocks, in a rapid 
stream. 

In the case of several species whose life-history has been deter- 
mined the pupal stadium is passed in a cocoon beneath the surface 
of the water. 

An exception to the usual habits of larve of this subfamily is 
presented by Eurrhypara urticata, introduced from Europe to Nova 
Scotia; this, species is not aquatic, but feeds on nettle. 


SUBFAMILY PYRALIDINAD 
The Typical Pyralids 


This is a small subfamily; only twenty-four species are now enu- 
merated in our lists, and these are mainly from the far Southwest. 
The best-known species are the two following: 

The meal snout-moth, Pyralis farinalis.—The larva of this species 
feeds on meal, flour, stored grain, andold cloverhay. It makeslittle 
tubes composed partly of silk and partly of the fragments of its food. 
It rarely occurs in sufficient numbers to do serious injury; and its 
ravages can be checked by a thorough cleaning of the infested places, 
or when practicable by the use of carbon bisulphide. The moth is 
commonly found near the food of the larva, but is often seen on 
ceilings of rooms sitting with its tail curved over its back. It expands 
about 25 mm.; the fore wings are light-brown, crossed by two curved 
white lines, and with a dark chocolate-brown spot on the base and 
tip of each. 

The clover-hay worm, Hypsopygia costalis.—The larva of this 
species sometimes abounds in old stacks of clover-hay, and especially 
near the bottom of such stacks. As the infested 
hay becomes covered with a silken web spun by the 
larva, and by its gunpowder-like excrement, much 
more is spoiled thaniseaten by the insect. Such hay 
is useless and should be burned, in order to destroy 
the insects. The moth expands about 20mm. Itis pig, 796—Hy- 
a beautiful lilac color, with golden bands and fringes psopygia 
(Fig. 796). costalis. 


SUBFAMILY CRAMBIN 


The Close-wings 


Although thisisnot a large subfamily, there being only about one 
hundred and thirty species known in our fauna, the members of it 
are more often seen than any other pyralids. The larve of most of 
the species feed on grass; and the adults fly up before us whenever we 
walk through meadows or pastures. When at rest, the moths wrap 
their wings closely about the body; this has suggested the name close- 
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wings for the insects of this family. When one of these moths alights 
on a stalk of grass it quickly places its body parallel with the stalk, 
which renders it less conspicuous (Fig. 797). Many of 
the species are silvery white or are marked with stripes 
of that color. 

About seventy of our species belong to the genus 
Crambus. The moths of this genus are often seen; but 
the larve usually escape observation. They occur 
chiefly at or a little below the surface of the ground, 
where they live in tubular nests, constructed of bits of 
earth or vegetable matter fastened together with silk. 
They feed upon the lower parts of grass plants; and 
sometimes on other crops planted on sod land infested 
by these insects. Thus Craémbus caliginoséllus isknown 
as the corn-root webworm on account of its injury to 
young corn plants which it bores into and destroys; it 
is also known as the tobacco stalk-worm, on account of 
similar injury to young tobacco plants. 

Another species of thisgenus, Crdmbus hortuéllus, 1s 
known as the cranberry girdler. This sometimes does 

Crambus. considerable injury in cranberry bogs by destroying 
the bark of the prostrate stems of the vines. 

To this subfamily belong the larger corn stalk-borer, Diatrea 
zeacolélla, which sometimes bores into the stalks of young corn in the 
Southern States, and the sugar-cane borer, Diatrea saccharalis, which 
bores into the stalks of sugar-cane. 


SUBFAMILY GALLERIINA 
The Bee-moth Subfamily 


This is a small subfamily, of which only seven species have been 
found in our fauna. The best known of these is the bee-moth, Galléria 
mellonélla. The larva of this species is a well-known pest in apiaries. 
It feeds upon wax; and makes silk-lined galleries in the honey-comb, 
thus destroying it. When full grown the larva is about 25 mm. in 
length. It lies hidden in its gallery during the day, and feeds only 
at night, when the tired-out bees are sleeping the sleep of the just. 
When ready to pupate the caterpillar spins 
a tough cocoon against the side of the hive. 

_ The moth has purplish-brown front 
wings, and brown or faded yellow hind 
wings. The fore wings of the male are 
deeply notched at the end, while those of 
the female (Fig. 798) are but slightly so. 3 
The female moth creeps into the hive at Fig. 798.—Galleria mel- 
night to lay her eggs. eis 

This pest is found most often in weak colonies of bees, which it 
frequently destroys. The best preventive of its injuries is to keep 
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the colonies of bees strong. Of course the moths and larve should 
be destroyed whenever found. 


SUBFAMILY PHYCITINZ 
The Phycitids 


Our most common members of this subfamily are small moths 
witn rather narrow but long fore wings, which are banded or mottled 
with shades of gray or brown. The subfamily is, however, a large 
one and other types of coloration occur. In this subfamily there is a 
fringe of long hairs on the basal part of vein Cu of the hind wings; 
the radius of the fore wings is only four-branched (Fig. 791); and the 
frenulum of the female is simple. This is a very large subfamily; 
more than three hundred species have been described from our fauna, 
and there are doubtless many undescribed species in this country. 


The larve of the different species vary greatly in habits. Some 
live in flowers, some fold or roll leaves within which they live and 
feed; some are borers; others feed upon dried fruits, or flour and 
meal; and one, at least, is predacious, feeding on 
coccids. Usually the larva lives in a silken tube or 
case, lying concealed by day and feeding by night. 
The case made by certain of the leaf-eating species is 
very characteristic in form (Fig. 799), being strongly 
tapering and much curved; in this instance the case 
is composed largely of the excrement of the larva. 

The following species are those that have at- 
tracted most attention on account of their economic 
importance. 


The Indian-meal moth, Plédia interpunctélla.—This is the best- 
known of the species that infest stored provisions. The larva is the 
small whitish worm, with a brownish-yellow head, that spins thin 
silken tubes through meal or among yeast-cakes, or in bags or boxes 
of dried fruits. The moth expands about 15 mm. ‘The basal two- 
fifths of the fore wing is dull olive or cream colored; the outer part 
reddish brown, with irregular bands of blackish scales. 


The Mediterranean flour-moth, Ephéstia kuhniélla, is an even 
more serious pest than the preceding species, which it resembles in 
habits. It has become very troublesome in recent years in flouring- 
mills. The moth expands about 25 mm. and is grayish in color. 


When this pest or the Indian-meal moth infests a limited stock of 
flour, meal, or other cereal, the most economical way to combat it is 
to feed the infested product to stock, and then thoroughly clean the 
storage bin or pantry. In mills, where an entire building must be 
treated, fumigation with hydrocyanic acid gas is probably the best 
method of destroying the pest. This should be done under the 
direction of an expert. 
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Zimmermann’s pine-pest, Pinipéstis zimmermdnnt, is a common 
species, the larva of which is a borer. It infests the trunks of pine, 
causing large masses 
of gum to exude. The 
moths appear in mid- 
summer. 

The coccid-eating 
pyralid, Letilia cocct- 
divora, differs from the 
other members of this 
family in being preda- 
cious. It feeds on the 
eggs and young of va- 
rious scale-insects 
(Pulvinaria, Dactylop- 
tus, and Lecanitum). 
Figure 800 represents 
the different stages of 
this insect enlarged, 
and the moths natural 
size resting on egg- 
sacs of Pulvinaria. 
Like other members of 
this family the larva 
spins a silken tube, 
within which it lives. 
On a thickly-infested 
branch these tubes 
may be found extend- 
ing from the remains 
of one coccid to an- 
other. 

To this subfamily 
belong also the goose- 
berry fruit worm, Zo- 


Fig. 800.—Letilia coccidivora: a, egg; b, larva; c, 
pupa; d, adult; e, e, moths natural size, resting on aa. s aise 
egg sacs of Pulvinaria. phodia grossularie, 

which feeds within the 
fruit of the gooseberry and currant, and the cranberry fruit-worm, 


Minéola vaccinit, which bores into cranberry fruit. 


Famity PTEROPHORIDA 
The Plume-moths 


The plume-moths are so called on account of the remarkable form 
of the wings in most species; the wings being split by longitudinal 
fissures into more or less plume-like divisions. In most species each 
fore wing is separated into two parts, bya fissure extending about one- 
half the length of the wing; while each hind wing is divided into 
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three parts by fissures extending farther towards the base of the 
wing. Ina species found in California, A gdistis adactyla, the wings 
are not divided. 

One hundred species belonging to this family have been found in 
America north of Mexico. 

One of our most common species is the gartered plume, Oxyptilus 
perisceliddctylus. ‘This is a small moth, expanding about 15 mm. 
It is of a yellowish brown color marked with dull 
whitish streaks and spots (Fig. 801). The larve 
hatch early in the spring and feed upon the newly- 
expanded leaves of the grape. They fasten together 
several of them, usually those at the end of ashoot, 
with fine white silk; between the leavesthusfolded 
the caterpillars live either singly or two or three Fig. See eet 
together. They become full-grown and change to PAtANY Peres 
pup early in June. The pupa is not enclosed in a : 
cocoon, but is fastened to the lower side of a leaf by its tail by means 
of a few silken threads, in nearly the same way the as chrysalids of 
certain butterflies are suspended. The pupa state lasts about eight 
days. 


Famity ORNEODIDA 
The Many-plume Moths 


These insects resemble the plume-moths in having the wings 
fissured; but here the fissuring is carried to a much greater extent 
than in that family, each wing being divided 
into six plumes (Fig. 802). 

As yet only a single species of this family 
has been found in North America. This is 
Orneddes hiibnert. It is an introduced species. 
European authors state that the larva feeds 
on the flowers of Lonicera, Centaurea, and 
Scabiosa arvensis. It transforms either in 
the flower-head or in the ground. This species 
Fig. 802.—Orneodes has been mistaken for another European 

hiibneri. species, Crneodes hexadactyla, and is commonly 
known under this name. 


Famity THYRIDIDA 
The Window-winged Moths 


Excepting some subtropical species found in the Gulf States and 
California our members of this family can be easily recognized by 
the presence of curious white or yellowish translucent spots upon the 
wings; it is these spots that suggest the name window-winged moths 
for the family. 
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In this family the antennz are either strictly filiform or slightly 
thickened in the middle; the ocelli are wanting; the palpi project 
horizontally, and are 
somewhat longer than 
the head; and the max- 
ille are strongly de- 
veloped. The venation 
of the wings of Thyris is 
represented by Figure 
803. Here all of the 
branches of radius of the 
fore wings are present 
and each arises from the 
discal cell. This is a 
rather unusual condition. 
but it occurs in the next 

R. family, in certain genera 
M, of other families of moths, 
M, and in the skippers. In 
M, one of our thyridids, 
Cus Meskea, which is found 
Cu; in the Gulf States, veins 
saad A R3 and Ry, are stalked. 
This family is poorly 
Fig. 803.—Wings of Thyris maculata. represented in our fauna, 
only eleven species, rep- 
resenting six genera have been described from the United States. 


The spotted thyris, Thyris maculata.—This is the most common 
representative of this family in the 


— Eastern and Middle States and it 
occurs also in the West. This 
species (Fig. 804) is brownish black, 


see sprinkled with rust-yellow dots; 

Pig. 804-— the outer margin of the wi i 
Thyris mac- : gi Of the wings, €S- Fig. 805.—Thyris 
ulata. pecially of the hind wings, is deeply lugubris. 

scalloped, with the edges of the 

indentations white. There is on each wing a translucent white spot, 

that of the hind wing is larger, kidney-shaped, and almost divided 

in two. 

The mournful thyris, Thyris lugibris—This is a larger species 
found in the Southern States and as far north as New York. It can 
be recognized by Figure 805. It is brownish black, marked with 
yellow, and with the translucent spots yellowish. The larva is said 
to infest grape. 


_ Dysodia oculatana.—This is a yellow and brown species, with a 
single translucent spot in each wing; those of the hind wings are 
crescentic. The larva: infest various flowers and seeds, and beans. 
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This family is represented in our fauna by a single species, 
Hyblea piera, which is found in Florida. This moth has a wing- 
expanse of about 35 mm. The fore wings are brown mottled with 
indistinct spots of a darker shade; the hind wings are brown, with a 
median band of three bright yellow spots margined with orange, and 
a similar terminal spot. This is probably an introduced species. 
In India the larva is a leaf-roller on teak. 

This species has been placed in the family Noctuide in our lists 
of Lepidoptera; but it is much more closely related to the Thyridide. 
The venation of the wings is quite similar to that of Thyris; but the 
maxillary palpi are large and triangular and the first anal vein of 
the hind wings is present although weak; while in the Thyridide the 
maxillary palpi are minute and the first anal vein is lost. 


THE SPECIALIZED MACROFRENATA 


In the families included under this heading the insects are usually 
of medium or large size. This division includes certain moths and 
all skippers and butterflies. In these insects the anal area of the hind 
wings is reduced, containing only one or two anal veins. In some the 
frenulum is well-preserved, in others it is replaced by a broadly ex- 
panded anal area of the hind wing. 


Famity SPHINGID/ 
The Hawk-moths or Sphinxes 


Hawk-moths are easily recognized by the form of the body, wings 
and antenne. The body is very stout and spindle-shaped; the wings 
are long, narrow and very strong; the antenne are more or less 
thickened in the middle or towards the tip, which is frequently curved 
back in the form of a hook; rarely the antenne are pectinated. The 
sucking-tube (maxilla) is usually very long, being in some instances 
twice as long as the body; but in one subfamily it is shortandmem- 
branous. When not in use it is closely coiled like a watch-spring be- 
neath the head. None of the species has ocelli. 

The venation of the wings (Fig. 806) is quite characteristic; the 
most distinctive feature is the prominence of the basal part of vein 
Ry, of the hind wing, the part that extends from the stem of radius 
to the subcosta. This free part of vein R; has the appearance of a 
cross-vein and is as stout as the other veins. In the comparatively 
few cases in other families where the free part of the vein R, has the 
appearance of a cross-veinitis rarely as strong as the other veins. In 
the hawk-moths the frenulum is usually well-preserved, but in a few it 
is wanting or vestigial. In many genera veins Rz and Rs of the fore 
wings coalesce throughout their length, which results in the radius 
being only four-branched. 
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Some of the hawk-moths are small or of medium size; but most 
of them are large. They have the most powerful wings of all Lepi- 
doptera in our fauna. 
As a rule they fly in 
the twilight, and have 
the habit of remaining 
poised over a flower 
while extracting the 
nectar, holding them- 
selves in this position 
by a rapid motion of 
the wings. ‘This atti- 
tude and the whir of 
the vibrating wings 
give them astrong 
resemblance to hum- 
ming-birds, hence they 
are sometimes called 
humming-bird moths; 
but they are more 
often called hawk- 
moths, on account 
of their long, narrow 
wings and strong 
flight. 

Of all the beauti- 
fully arrayed Lepidop- 
tera some of the hawk- 
moths are the most 
truly elegant. _There 
Fig. 806.—Wings of Protoparce quinquemaculaia. jg a high-bred tailor- 

made “air sabout 
their clear-cut wings, their closely fitted scales and their quiet but 
exquisite colors. The harmony of the combined hues of olive and 
tan, ochre and brown, black and yellow, and greys of every con- 
ceivable shade, with touches here and there of rose color, is a 
perpetual joy to the artistic eye. They seldom have vivid colors 
except touches of yellow or pink on the abdomen or hind wings, 
as if their fastidious tastes allowed petticoats only of brilliant colors 
always to be worn beneath quiet-colored overdresses. 

The larve of the Sphingidz feed upon leaves of various plants 
and trees and are often large and quite remarkable in appearance 
(Fig. 807). The body is cylindrical and naked and usually has a 
horn on the eighth abdominal segment. Sometimes instead of the 
horn there is a shiny tubercle or knob. We cannot even guess the 
use of this horn, unless it is ornamental, for it is never provided with 
asting. These caterpillars when resting rear the front end of the body 
up in the air, curl the head down in the most majestic manner, and 
remain thus rigid and motionless for hours. When in this attitude 
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they are supposed to resemble the Egyptian Sphinx, and so the 
typical genus was named Sphinx and the family the Sphingide. 

Most species pass the pupa state in the ground in simple cells 
made in the earth; some, however, transform on the surface of the 
ground in imperfect cocoons rR 
composed of leaves fastened 
together with silk. 

One hundred species of 
hawk-moths occur in this 
country. The following are 
some of the more common 
ones. 

The modest sphinx, Pa- 
chysphinx modésta.—It was 
probably the quiet olive 
tints in which the moth is 
chiefly clothed that suggest- 
ed the name modesta for it, 
but it is one of the most 
beautiful of our 
hawk-moths. The 
body and basal 
third of the fore 


Fig. 807.—Sphinx  chersis, 
larva. 


wings are pale olive; the outer 
third of the fore wings is a darker shace of the same 
color; while the middle third is still darker (Fig. 808). 
The hind wings are dull carmine red in the middle or, in the eastern 
race, a deeper crimson; there is qa bluish-gray patch with a curved 
black streak over it near the anal angle. The larva feeds on poplar 
and cotton-wood. When full-grown it is 75 mm. long, of a pale-green 


Fig. 808.—Pachysphinx modesta. 


color, and coarsely granulated, the granules studded with fine white 
points, giving the skin a frosted appearance; these are wanting in 
the western race, 

The twin-spotted sphinx, Smerinthus geminatus.— This exquisite- 
ly-colored moth expands about 60 mm. The thorax is gray with a 
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velvety dark brown spot in the middle. The fore wings are gray, 
with a faint rosy tint in some specimens, and tipped and banded with 

brown as shown in Fig- 
ure 809. The hind wings 
are deep carmine at the 
middle, and are bordered 
with pale tan or gray. 
Near the anal angle there 
is a large black spot in 
which there is a pair of 
blue spots, which sug- 
gested the name gemuin- 
atus. The larva feeds 
upon the leaves of apple, plum, elm, ash, and willow. 


Harris’s sphinx, Lépara bombycoides.—This sphinx has interested 
us chiefly on account of the habits and mark- 
ings of its larva (Fig. 810). It feeds upon the 
foliage of pine, and is colored with alternating 
green and white longitudinal stripes; the dorsal 
stripe is green spotted with red. It has a way 
of hanging head downward in a pine tassel 
that conceals it entirely from the sight of all 
but very sharp eyes, its stripes giving it a close 
resemblance to a bunch of pine leaves. The 
moth expands about 50 mm.; it is gray with 
the fore wings marked by several series of small 
brown spots. 

The pen-marked sphinx, Sphinx chersis.— 
This moth is of an almost evenly distributed 
ashy-gray color. This sombre color is relieved 
somewhat by a black band on each side of the 
abdomen, marked with four or five white trans- 
verse bars; by two dark brown, smoky bands 
which cross the hind wings; and by a series 
of black dashes on the fore wings, one in each 
cell between the apex of the wing and the anal 
vein. These dashes appear asif drawn casually 
with a pen. ‘The larva (Fig. 807) is not un- 
common upon ash and lilac; it is greenish or 
bluish white above, and darker below; there 
are seven oblique yellow bands on the sides of : 
the body, each edged above with dark green. ees 8 - ——Lapara 
When disturbed it assumes the threatening at- iat Aas 
titude shown in the figure. , 


The tomato-worm, Protopdrce quinquemaculata.—This larva isthe 
best known of all our sphinxes, as it may be found feeding on the 
leaves of tomato, tobacco, or potato wherever these plants are grown 
in our country. It resembles in its general appearance the larva of 
Sphinx chersis (Fig. 807); but is stouter and has a series of pale 


Fig. 809.—Smerinthus geminatus. 
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longitudinal stripes low down on each side, in addition to the oblique 
stripes; and its favorite attitude is with the fore end of the body 
slightly raised. It is usually green, but individuals are often found 
that are brown, or even black. There appear at frequent intervals 
in the newspapers accounts of people being injured by a poison ex- 
creted by the caudal horn of 
this larva; but there is abso- 
lutely no foundation whatever 
for such stories. The ptpa 
(Fig. 811) is often ploughed up 
in gardens, and attracts at- 
tention on account of its cur- 
rious tongue-case a part of Fig. 811.—Protoparce quinquemaculata, 
which is free resembling the pupa. 

handle of a pitcher. The moth 

is a superb creature, expanding four or five inches. It is of many 
delicate shades of ash-gray, marked with black or very dark gray; 
there are a few short black dashes on the fore part of the thorax, and 
some irregular black spots edged with white on the posterior part; 
the abdomen is gray with a black middle line, and five yellow, almost 
square spots along each side. Each of these spots is bordered with 
black, and has a white spot above and below, on the edge of the 
segment. The hind wings are crossed by four blackish lines, of 
which the two intermediate are zigzag. 

The most practicable method of control of this pest in a small 
garden or in a larger field where the larve are not numerous is by 
hand-picking; when they are numerous they can be destroyed by 
spraying with arsenate of lead; use two or three pounds of the paste 
dissolved in fifty gallons of water. Paris green is liable to burn the 
foliage of tomato. 

The tobacco-worm, Protopdrce sexta.—This species closely re- 
sembles the preceding and the two are often mistaken the one for 
the other. The larve have similar habits, feeding on the same plants; 
but in this species the larva lacks the series of longitudinal stripes 
characteristic of the tomato worm. The moths are easily distin- 
guished; this species is brownish gray instead of ashy gray; at the 
end of the discal cell of the fore wings there is a distinct white spot; 
and the two dark bands crossing the middle of the hind wings are not 
zigzag, and are less distinctly separate; often they are united into a 
single broad band. 

The hog-caterpillar of the vine, Ampeleca myron.—There is a 
group of hawk-moths the larvee of which have the head and first two 
thoracic segments small, while the two following segments are greatly 
swollen. These larve from a fancied resemblance to fat swine have 
been termed hog-caterpillars; and the present species, which is com- 
mon on grape, has been named the hog-caterpillar of the vine. It is 
a comparatively small species, the full-grown larvabeing but little 
more than 50 mm. long. There is a row of seven spots varying in 
color from red to pale lilac, each set in a patch of pale yellow, along 
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the middle of the back. A white stripe with dark green margins 
extends along the side from the head to the caudal horn, and below 
this are seven oblique stripes. This 
larva is often infested by braconid 
parasites; and it is a common oc- 
currence to find one of them with 
the cocoons of the parasites attached 
to it (Fig. 812). The pupa state 1s 
passed on the surface of the ground 
Fig. 812.—Ampeleca myron, larva within a rude cocoon made by 
with cocoons of parasites. fastening leaves together with loose 
silken threads. The adult 
expands about 55 mm. ‘The fore 
wings are olive gray, with a curved, olive-green, oblique band crossing 
the basal third, a discal point of the same color, and beyond this a 
large triangular spot with its apex on the costa and its base on the 
inner margin. 

The pandorus Sphinx, Pholus pandérus.—This magnificent moth 
expands from 100 to 112 mm. The ground color of its wings is pale 
olive, verging in some places into gray; themarkings consist of patches 
and stripes of dark, rich velvety olive, sometimes almost black (Fig. 
813). Near the inner margins of both pairs of wings the lighter color 
shades out into pale yellow, which is tinged in places with delicate 
rose-color. These markings show a harmony of contrasting shades 


— 


Fig. 813.—Pholus pandorus. 


rarely equalled elsewhere by nature or art. The larva is one of the 
hog-caterpillars. It feeds upon the leaves of Virginia-creeper. When 
young it is pinkish in color, and has a long caudal horn;asit matures 
it changes to a reddish brown, and the horn shortens and curls up 
like a dog’s tail and finally disappears, leaving an eye-like tubercle. 
The caterpillar has on each side five or six cream-colored oval spots, 
enveloping the spiracles. 

The white-lined sphinx, Celério linedta.—This moth can be easily 
recognized by Figure 814. Its body and fore wings are olive-brown; 
there are three parallel white stripes along each side of the thorax: 


LEPIDOPTERA 661 


the outer one of these extends forward over the eyes to thebase of the 
palpi; on the fore wings there is a buff stripe extending from near 
the base of the inner margin to the apex, and veins R; to 2d A are 
lined with white; the hind wings are black with a central reddish 


Fig. 814.—Celerio lineata. 


band. The larva is extremely variable in color and markings. It 
feeds on many plants, among which are apple, grape, plum, and 
currant. 

The thysbe clear-wing, Hemorrhdgia thysbe-—There is a group of 
hawk-moths that have the middle portion of the wings transparent, 
resembling in this respect the Ageri- 
ide and certain of the Euchromiide; 
but they are easily recognized as 
hawk-moths by the form of the 
body, wings, and antenne. One of 
the more common of these is the 
thysbe clear-wing (Fig. 815). The 
scaled portions of the wings are of a 
dark reddish brown; but this species 
is most easily distinguished from all 
our other species by a line of scales Fig. 815.—Hemorrhagia thysbe. 
dividing the discal cell lengthwise 
and representing the position of the base of vein M. The larva of 
this species feeds on the different species of Viburnum, the snow-berry, 
and hawthorn. 

The bumblebee hawk-moth, Hemorrhdagia diffints.—This clear- 
wing appears to be about as common as the preceding, and resembles 
it somewhat. It lacks, however, the line of scales in the discal cell, 
and the body is more nearly yellow in southern specimens. ‘This 
color probably suggested the name bumblebee hawk-moth, given to 
this insect nearly one hundred years ago by Smith and Abbott. 
The larva feeds on the bush honeysuckle (Diervilla) and the snow- 
berry (Symphoricarpus). 
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SUPERFAMILY GEOMETROIDEA 


The Geometrids or the Measuring-worms 


The superfamily Geometroidea is composed of those moths the 
larve of which are known asmeasuring-worms, span-worms, or loopers. 


Fig. 816.—A measuring-worm. 


These larve are very familiar objects, 
attracting attention by their peculiar 
manner of locomotion. They progress 
by a series of looping movements. 
They first cling to the supporting twig 
or leaf by their 1 thoracic legs; then arch 
up the back while they bring forward 
the hinder part of the body ‘and seize 
the support, at a point near the thoracic 
legs, by the prolegs at the caudal end of 
the body; then, letting loose the thor- 


acic legs (Fig. 816), they stretch the body forw ard, thus making a 
step; this process is then repeated. 


It was this peculiar man- 
ner of locomotion that sug- 
gested thename of the typic- 
al genus, Geometra, from 
the Greek word meaning a 
land-measurer. 

Correlated with this 
mode of walking there has 
been a loss in nearly all 
members of the family of 
the first three pairs of pro- 
legs. 

Frequently measuring- 
worms when resting cling by 
their caudal prolegs and 
hold the body out straight, 
stiff, and motionless, appear- 
ing like a twig; this is doubt- 
less a protective resem- 
blance. 

The geometrid larve are 
leaf-feeders, and some spe- 
cies occur in such large num- 
bers as to be serious pests. 

The pupz are slender, 
and some species are green 
or mottled in this state. 


aR, 


Fig. 817.—Wings of Caripeta angustiorata, 


The pupa state is passed in a very flimsy cocoon or in a cell in the 


ground. 


The moths are of medium size, sometimes small, but only rarely 


very large. 


Usually the body is slender, and the wings broad and 
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delicate in appearance. This appearance is due both to the thinness 
of the membrane and to the fineness of the scales with which the 
wings are clothed. These moths occur on the borders of woods and 
in forests, rarely in meadows and pastures. Their flight is neither 
strong nor long sustained. Many species when at rest hold the wings 
horizontally and scarcely overlapping; but other species assume other 
positions. 

In the geometrids the frenulum is usually well-preserved, but in 
a few it is wanting or vestigial. A striking feature of the wing-venation 
is the fact that the basal part of the subcosta of thehind wingsmakes 
a prominent bend into the humeral area of the wing and is usually 
connected to the humeral angle by a strong cross-vein (Fig. 817). 

A monograph of the geometrid moths found in the United States 
was published by Packard (’76). 

The superfamily Geometroidea includes two families; but one of 
these, the Manidiide is represented in our fauna by a single rare species. 


Famity GEOMETRIDAZ 


In this family the antenne are not clubbed, as in the next family. 
The other distinctive features of the Geometride are those given 
above in the characterization of the superfamily Geometroidea. 

There occur in our fauna representatives of six subfamilies of the 
Geometride; these can be separated by the following table:-— 


Ame Byesvomal land ovals: pmO64te mek ae atitariaris Atsare ier es Seles BREPHINZ 
AA. Eyes round and usually large. 


B. Vein M, of the hind wings vestigial, being represented merely by a fold in 
the wing or by a non-tubular thickening (Fig. 817). p. 670. .GEOMETRINZ 


BB. Vein M;z of the hind wings well-preserved. 


C. Vein M, of the hind wings arising much nearer to vein M, than to vein 
M; (Fig. 820). Wings usually green. p. 665.............. HEMITHEIN 


CC. Vein M, of the hind wings arising nearly midway between veins M; 
and M; or nearer to vein M; than to vein M;. Wings rarely green. 


D. Veins Sc + Rrand Rs of the hind wings extending distinctly separate 
from each other, except that they are connected by the free part of vein 
R, near the middle of the discal cell (Fig. 821). p. 666. ... LARENTIINA 


DD. Veins Sc + Ri and Rs of the hind wings approximated or coalesced 
for a greater or less distance. 

E. Veins Sc + R: and Rs of the hind wings closely approximated but 
not coalesced along the second fourth (more or less) of the discal 
cell. With transverse rows of spines on abdominal segments. (Pal- 
EUELLEG) Se DAO 7 Olmnran tees tay teks ae steele otetete ele ore GEOMETRINA 


EE. Veins Sc + R,and Rs of the hind wings coalesced for a greater or 
less distance. Abdomen without transverse rows of spines. 

F. Veins Sc + R, and Rs of the hind wings coalesced for a short 
distance near the beginning of the second fourth of the discal cell, 
thence rapidly diverging (Fig. 821). p. 666......... ACIDALIINE 

FF. Veins Sc + Rr and Rs of the hind wings coalesced to or beyond 
the middle of the discal cell (Fig. 823), or with a short fusion near 
the end of the discal cell. 

G. Fore wings with one or two accessory cells. p. 666.. LARENTIIN 
GG. Fore wings without an accessory cell. p. 664.. ENOCHROMINA: 
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The members of this subfamily are most easily distinguished 
from other geometrids by the fact that their eyes are small and oval. 
It is represented in our fauna by only five species, of which the follow- 
ing one is the best-known. 

Bréphos infans.—This interesting species has been found only in 
the northeastern part of our country; its range is from Labrador to 
New York. Itisablackish-brown moth with 
the fore wings marked with pinkish white 
and the hind wings with reddish orange (Fig. 
818). The specimen figured is a male. In 
the female the black border on the outer 
margin of the hind wings is narrower, and 
the subterminal, light band on the fore wings 
is more distinctly marked. In the larva the 
Fig. 818.—Brephos infans. prolegs are all present; but the first three 

pairs are stunted. The full-grown larva 
measures 30 mm. in length. The color of the larva on the dorsum 
varies from apple-green to blue-green according to age. The food- 
plant is white birch. 


SuBFAMILY GNOCHROMINA® 


This subfamily is represented in our fauna by only three species 
of which only the following one is well known. 

The fall canker-worm, Alséphila pometaria.—The canker-worms 
are well-known pests, which are often very destructive to the foliage 
of fruit-trees and shade-trees. Although they attack many kinds of 
trees, the apple and the elm are their favorite food-plants. 


There are two species of canker-worms which resemble each other 
to such an extent that they were long confounded; but they differ 
structurally, being members of different subfamilies; and they differ 
also in habits. The two species agree in being loopers or measuring- 
worms in the larval state, in the possession of ample wings by the 
adult male, and in the adult female being wingless. They are easily 
distinguished however, in all stages, the eggs, larvae, and adults 
differing markedly. 

The fall canker-worm is so called because the greater number of 
the moths mature inthe autumnand emerge from the ground at this 
season; but a considerable number come out of the ground in the 
winter during warm weather, and in the spring. As the females are 
wingless they are forced to climb up the trunks of trees in order to 
lay their eggs in a place from which the larve can easily find their 
food. The eggs appear as if cut off at the top, and have a central 
puncture and a brown circle near the border of the disk. They are 
laid side by side in regular rows and compact batches, and are 
generally exposed. They hatch in the spring at the time the leaves 
appear; and the larvee mature in about three weeks. In this species 
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there is a pair of vestigial prolegs on the fifth abdominal segment. 
The pupa state is passed beneath the ground in a perfect cocoon of 
fine densely spun silk. The adult male is 
represented by Figure 819. There is a dis- 
tinct whitish spot near the apex of the fore 
wings. The moths of both sexes lack the 
abdominal spines characteristic of the spring 
canker-worm. In the fall canker-worm veins 
Se + Ri and R, of the hind wings coalesce 
for a considerable distance along the second 
fourth of the discal cell; and veins Rsand M, 
of the hind wings separate at the apex of the Fig. 819.—Alsophila pom- 
discal cell. etaria. 

Control of canker-worms.—The two spe- 
cies of canker-worms are sufficiently alike in habits to warrant our 
combating them by similar methods. The fact that in each the 
female is wingless and is thus forced to climb up the trunks of trees 
in order to place her eggs in a suitable place has suggested the method 
of defence that has been most generally used in the past. This is 
to place something about the trunks of the trees which will make it 
impossible for the wingless female to ascend them. Some viscid sub- 
stance, as tar, printers’ ink, or melted rubber, either painted on the 
trunk of the tree or upona paper band which is tacked closely about the 
tree, is the means usually adopted. Many other devices have been 
recommended. In the use of this method of prevention, operations 
should be begun in the autumn, even when it is the spring canker- 
worm that is to be combated; for in this species some of the moths 
emerge in the fall or during the winter. 

Although the method just described is still the most available one 
when tall shade-trees are to be protected, it is now rarely used in 
orchards. Here the spraying of the trees with Paris-green or arsenate 
of lead soon after the leaves appear is found more practicable. This 
method has also the advantage of enabling the fruit-grower to reach 
other important pests, as the codlin-moth, at the same time. 


SuBFAMILY HEMITHEINA® 
The Green Geometrids 


As a rule the members of this subfamily are bright green in color; 
and as we have but few other geometrids of this color, the subfamily 
may be well termed the green geometrids. The distinctive structure 
that characterizes this subfamly is the fact that vein Me of the hind 
wings arises much nearer to vein M, than to vein M3 (Fig. 820). 

This is a comparatively small subfamily, including 17 genera and 
64 species. The following species will serve as an example. _ 

The raspberry geometer, Synchlora erata.—The larva of this spe- 
cies feeds on the fruit and foliage of raspberry, but chiefly on the fruit. 
It, like some other members of this subfamily, has the curious habit 
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of covering its body by attaching to it bits of vegetable matter, so 
that it is masked beneath a tiny heap of rubbish. The wings of the 
adult are of a delicate pale 
green color crossed by two 
lines of a lighter shade; the 
face is green; and the ab- 
domen is not marked with 
pink and white ocellate 
spots, as is the case in cer- 
tain allied species. 


SUBFAMILY 
ACIDALIIN® 


The members of this sub- 
family are most easily rec- 
ognized by the venation of 
the hind wings (Fig. 821). 
In these veins Sc+Ri and 
Rs coalesce for a short dis- 
tance near the beginning of 
the second fourth of the 
discal cell and then diverge 
rapidly. The greater num- 
ber of our common species 
are of medium size, with 
whitish wings crossed by 
from two to four indistinct 
lines, and with the head 
black in front; some are pure 
white, and others are brown marked with reddish lines. Eighty-six 
species are now listed from this country. 

The chickweed geometer, Hemdtopis grataria.—This little moth 
(Fig. 822) is very common in our meadows and gardens during the 
summer and autumn months. Its wings are reddish yellow, with the 
fringes and two transverse bands pink. It is found from Maine to 
Texas. The larva feeds on the common chickweed, Alsine media. 

The sweet-fern geometer, Cos?mbia lumenadria.—This moth is 
grayish white, with three rows of black dots extending across the 
wings, one marginal, one submarginal, and one near the base of the 
wings; near the center of each wing there is a small reddish ring. 
The moth has a wing expanse of from 20 to 25 mm. The larva is 
common on sweet-fern, Comptonia; it also feeds on birch. 


2d A 
Fig. 820.—Wings of Dichorda iridaria. 


SUBFAMILY LARENTIINE 


In this subfamily the branches of radius of the fore-wings anasto- 
mose so as to form one or two accessory cells, this anastomosis involy- 
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ing vein R; (Figs. 823 and 824). 
In the hind wings in most of 
the genera veins Sc+R,; and 
R, coalesce to or beyond the 
middle of the discal cell or with 
a short fusion near the end of 
the discal cell (Fig. 823); but 
in certain genera, where the 
costal area of the hind wings is 
greatly expanded, these veins 
extend distinctly separate from 
each other, except that they 
are connected by the free part 
of vein R, near the middle of 
the discal cell (Fig. 824). In 
a few genera belonging to other 
subfamilies veins Sc+R, and 
R, of the hind wings coalesce 
to the middle of the discal cell, 
but these genera lack the ac- 
cessory cell in the fore wings 
characteristic of this subfamily. 

This subfamily ranks sec- 
ond in size among the geom- 


2d A 


etrid subfamilies, including Fig. 821—Wings of Acidalia enucleata. 


365 North American species; 
these represent 58 genera. 


Many of the species are very common; among them are the following. 


The white-striped 
black, Trichodézia al- 
bovttiata.—This 
beautiful little moth, 
which occurs from 
; the Atlantic to the 
Fig. §22._Hema- Pacific, is the-most 

topis grataria. . : 

easily recognized 
member of the family. It expands 
about 22 mm. and is of a uniform black 
color, with a single, very broad white 
band extending across the fore wing from 
the middle of the costa to the inner angle, 
where it is usually forked. The fringe of 
the wings is white at the apical and inner 
angles of both pairs; sometimes the 
white is lacking on the inner angle of the 
hind wings. ‘The early stages are un- 
known. 

The bad-wing, Dyspteris abortivaria. 
—It is easy to recognize this moth (Fig. 
825) by the peculiar shape of its wings, 


Fig. 823.—Wings 
mendica. 


of Fudule 
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the hind wings being greatly reduced in size. It is of a beautiful pea- 
green color, with two white bands on the fore wings and one on the 
hind wings. In color it re- 
sembles members of the He- 
mitheine; but the structure 
of its wings (Fig. 824) shows 
that it belongs in the Laren- 
tiinee. The larva feeds on the 
leaves of grape, which it rolls. 
The scallop-shell moth, 
Calocalpe undulata.—This is 
a pretty moth, with its yel- 
low wings crossed by somany 
fine, zigzag, dark brown lines 
that it is hard to tell which of 
the two is the ground-color 
(Fig. 826). It lays its eggs in 
a cluster on a leaf near the tip 
of a twig of cherry, usually 
wildcherry. Thelarve make 
a snug nest by fastening to- 
gether the leaves at the end 
of the twig; and within this 
nest (Fig. 827) they live, add- 
ing new leaves to the outside 
as more food is needed. The 
leaves die and become brown, 
and thus render the nest con- 
spicuous. There are two gen- 
Cita erationsin the year. The lar- 
Fig. 824.—Wings of Dyspleris abortivaria. yee of the fall brood are black 
above, with four white or 
green stripes, and flesh-colored below; the larvee of the summer brood 
are black only on the sides. When full-grown they descend to the 
ground to transform, and pass the winter in the pupa state. 


The diverse-line moth, Lygris diversilineata.—This moth has pale 
ochre-yellow wings, 
with a brownish shade 
near the outer margin, 
and crossed by many 
diverging brown lines 
(Fig. 828). It varies 
from 37 to 50 mm. in ; ; 
expanse. We have oft- == us 
en found this moth on Fig. 826.—Calocalpe un- 
the side of our room,  4¢wlata. 

resting on the wall, 

head downward, and with its abdomen hanging down over its head 
in a curious manner. The larva feeds on the leaves of grape. There 


Fig. 825.—Dyspteris aborti- 
varia. 
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are two broods; the first brood infests the vines during June; the 
second, in the autumn and early spring, wintering as larvae. 


The spear-marked black, Rheum- 
aptera hastata.—This is a black-and- 
white species, which is found from the 
Atlantic to the Pacific. It is much 
larger than the white-striped black 
described above, expanding 35 mm. 
It is black, striped and spotted with 
white; It varies greatly as to the num- 
ber and extent of the white markings. 
The most constant mark is a broad 
white band crossing the middle of the 
fore wings, and often continued across 
the hind wings. Near the middle of its 
course on the fore wing this band makes 
a sharp angle pointing outward; and 
just beyond the apex of this angle there 
is usually a white spot. This spot and 
angular band together form a mark 
shaped something like the head of a 
spear. In some individuals the white 
predominates, other individuals are al- 
most entirely black, excepting the spear 
mark. Inthe East, there is more white 
on the fore wings than on the hind 
Wings; this form is the variety gothi- 
cata; in some parts of the West and in 
Europe there is more white on the hind 
wings than on the fore wings. Accord- 
ing to European authorities the larva 
is brown or blackish brown, with a 
darker line along the middle of the 
back, and a row of horse-shoe-shaped 
spots on the sides. It feeds on birch 
and sweet gale. It is gregarious, a 
colony of larvee spinning together the 
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4 
Fig. 827.—Eggs and nest of Calo- 
calpe undulata. 


leaves of the food-plant, and thus forming a nest within which they 
live and feed. 


Fig. 828.—Lygris diversilineata. 


The larva has 
not yet been 
observed in 
this country. 

The beg- 
gar, Eudile 
menditca. — 
One of the 


, 


: 


a 
4 
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Fig. 829.—Eudule mendica. 


most delicate- 
winged moths that we have in the northern Atlantic States is this 
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species (Fig. 829). Although the wings are yellowish white in color 
they are almost transparent. On the fore wings there are two trans- 
verse rows of pale gray spots, and a single spot near the outer margin 
between veins M;and Cu. (This spot was indistinct in the specimen 
figured.) The moth is common in midsummer. The larva feeds on 
violet. 


SUBFAMILY GEOMETRINA® 


Nearly all of the members of this subfamly can be easily recognized 
as such by the fact that vein Me of the hind wings is wanting, being 
represented merely by a fold. 

This is by far “the lar gest of the subfamilies of the Geometride; 
it includes more than 500 North American species; these represent 
124 genera. The following are some of the more common species. 

The currant span-worm, Cymatophora ribedria.—Thereare several 
species of insects that are popularly known as currant-worms. ‘The 
most common of these are larve of saw-flies, which can be easily 
recognized by the large number of prolegs with which the abdomen 


Fig, 830.—Cymatophora ribearia. ss Seucd : 
Fig. 831.—Cingilia catenaria. 


is furnished. In addition to the saw-flies there is a yellow looper 
spotted with black, which often appears in such great numbers on 
currant and gooseberry bushes as to suddenly strip them of their 
foliage. 

This larva has been named the currant or gooseberry span-worm. 
When full-grown it measures about 25 mm. in length, and is ofa bright 
yellow color, with white lines on the sides and with numerous black 
spots and round dots. It has only four prolegs. There is only one 
generation a year; the larva matures in May or June; thepupastate 
lasts about a fortnight; the moth flies during the summermonthsand 
oviposits on the twigs of the plants; and the eggs remain unhatched 
till the following spring. The moth (Fig. 830) is pale yellow, with the 
wings marked by irregular dusky spots, which sometimes form one 
or two indefinite bands across them. 

The chain-dotted geometer, Cingilia catenaria.—This moth has 
snow-white wings marked with zigzag lines and with dots of black as 
shown in Figure 831. The head is ochreous- -yellow in front; and the 
thorax is yellowish at the base of the patagia. The moth flies during 
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September and October. The larva feeds on various shrubs and trees. 
The pupa state is passed in a slight but well-formed web of yellow 
threads, which is formed between twigs or leaves, and through which 
the pupa can be seen. a 


_ The evergreen nepytia, Nepytia semiclusdria.—This beautiful moth 
(Fig. 832) is common in the vicinity of pines, spruce, fir, and hemlock 
during August and September. It varies 
from a smoky-ash color to almost snow- 
white; the wings are marked with black. 
The larva feeds on the leaves of Conifers. 
It is reddish yellow above, with lateral 
yellow bands below, while on each side are 
two pairs of black hair-lines. There are 
black spots above onthe segments. When 
Pane: it is a little more than 25 mm. 

ong and spins a loose cocoon among the _: = . . 
leaves. The chrysalid is green with white Bie Nroa: De CAST 
stripes and is very pretty. 

The spring canker-worm, Paledcrita vernata.—The eggs are ovoid 
in shape, and are secreted in irregular masses, usually under loose 
scales of bark or between the leaflets of the expanding buds. The 
larve hatch about the time the leaves expand, and become full-grown 
in from three to four weeks. , They vary greatly in color, and are 
marked on the back with eight narrow, pale, longitudinal lines which 
are barely discernible; the two lateral lines of each side are much 
farther apart than the others; and there are no prolegs on the fifth 
abdominal segment as in the fall canker-worm. The pupa state is 
passed below the surface of the ground in a simple earthen cell, which 
is lined with very few silken threads. The adult moths usually emerge 
early in the spring before the leaves expand; but they sometimes 
appear late in the fall, or on warm days during the winter when the 
ground is thawed. In both sexes the adult of this species is dis- 
tinguished by the presence of two transverse rows of stiff reddish 
spines, pointing backwards, on each of the first seven abdominal seg- 
ments. 

Regarding the control of canker-worms see page 665. 

The lime-tree winter-moth, Erdnnis tiliaria.—This species (Fig. 
833) resembles the canker-worms in many particulars. The larva is 
a looper which infests both fruit and forest trees; and in the adult 
state the male has well-developed wings, while the female is wingless. 

The eggs are oval, of a pale yellow color, and covered with a net- 
work of raised lines. They are thrust by the female under loose bark 
and in crevices on the trunk and large limbs. They hatch in May, 
and the larve attain their full growth in the latter partof June. The 
larva is yellow, marked with ten crinkled black lines along the top of 
the back; the head is rust-colored, and the venter yellowish white. 
There is a second form of the larva which is brown above with slate 
color towards the sides. When full-grown the larva measures about 
30 mm. in length. The pupa state is passed in the ground. The 
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moths issue in October or November; and then the wingless females 
ascend the trees to oviposit as do the females of the canker-worms. 
The female is represented in the lower left-hand part of the figure. 


Fig. 833.—Erannis tiliaria. (From The Author’s Report for 1879.) 


She is grayish in color, with two black spots on the back of each 
segment except the last, which has only one. The male has pale 
yellow and brown or buff fore wings, with a central spot and a band 
beyond the middle, while the hind 
wings are much lighter. This insect 
can be combated by the same meth- 
ods as are used against canker 
worms. é 
The notched-wing geometer, En- 
nomos magnarius.—This is one of the 
larger of our geometrids. The larva 
is a common looper upon maple, 
i chestnut, and birch trees, and meas- 
Fig. 834.—Ennomos magnarius, Utes about 58 mm. in length when 
full-grown. It spins a rather dense, 
spindle-shaped cocoon within a clus- 
ter of leaves. The moth (Fig. 834) is ochre-yellow with reddish 
tinge. The wings are shaded towards the outer margin with brown, 
and are thickly spotted with small brown dots. 
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The pepper-and-salt currant-moth, Amphidasis cognataria.— 
This moth (Fig. 835) differs remarkably in appearance from most 
geometrids, the body being stouter, and the wings appearing heavier. 


Fig. 835.—Amphidasis cogna- Pig.836.—Phryganidia californica. 


taria. 


It can be easily recognized by its evenly distributed pepper-and-salt 
markings. The larva feeds on various plants, but is found most often 


on currant. 


Famity MANIDIID 


This family is repre- 
sented in our fauna by 
a single, recently discov- 
ered species, Anurdpteryx 
crenulata, found in Ari- 
zona. Inthe genus Anu- 
rapteryx the antenne 
are gradually enlarged 
toward the tip forming a 
well-marked club; the 
maxille are well-devel- 
oped; the eyes are hairy 
and overhung by long 
cilia; and the frenulum 
is well-developed. 

Our species was de- 
scribed by Barnes and 
Lindsey in ‘‘Entomo- 
logical News,” vol. 30, 


p- 245. 
Famity DIOPTIDA 
The Dioptids 


The only member of 
this family that is well 
known in this country is 


Fig. 837.—Wings of Phryganidia. 


Phryganidia californica, which occurs in California. This 1s a pale- 
brown insect, with nearly transparent wings (Fig. 836). The veins 
of the wings are dark, which renders them prominent. In the males 
there is a yellowish spot just beyond the discal cell. The venation 
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of the wings (Fig. 837) is very different from that of any other insect 
that occurs in this country. 

The larvee feed upon the leaves of live-oaks, and sometimes occur 
so abundantly as to almost strip the trees of their foliage. They are 
said to feed singly, and appear tc make little if any use of the anal 
feet as a means of loco- 
motion, generally carry- 
ing thelast segment ofthe 
body elevated in the air. 


FAMILY 
NOTODONTIDA 


The Prominents 


This family includes 
moths of moderate size, 
only a few of the larger 
ones expanding more 
than 50mm. The body 
is rather stout and dense- 
ly clothed with hair, and 
the legs, especially the 
femora, are clothed with 
long hairs. The wings 
are strong, and not very 
broad, the anal angle of 
the hind wings rarely 
reaching the end of the 

Fig. 838.—Wings of Hypereschra stragula. abdomen. In their gen- 
eral appearance many of 
these moths bear a strong resemblance to noctuids; but they can be 
easily distinguished from the Noctuide by the position of vein My, 
of the fore wings, which 
does not arise nearer to 
vein Cu than to vein R, 
as it does in that family; 
and the fact that in this 
family veins Sc-+Ry, and 
Rs of the hind wings do 
not coalesce (Fig. 838). 
The first anal vein is 
wanting in both fore and 
hind wings; and in some _ 
species an accessory cell 18 present in the fore wings. 

In some species the front wings have a prominence or backward 
projecting lobe on the inner margin, which suggested the common 
name of prominents for these insects (Fig. 839). The name is more 
generally appropriate, however, for the larve, as a much larger pro- 
portion of them than of the adults bear striking prominences. 
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The larvee feed upon the leaves of shrubs and trees. Our most 
common species live exposed; but some species live in folded leaves. 
They are either naked or clothed with hairs. Many species have only 
well-developed prolegs, the anal pair being rudimentary, or trans- 
formed into elongated spikes. Some species are hump-backed; and 
spines or fleshy tubercles are often present. The transformations occur 
in slight cocoons or in the ground. 


The family Notodontide is represented in this country by about 
one hundred species. A monograph of the family was published by 
Packard (’95) in which there are many colored figures of larve. The 
following are some of the more common species. 


The handmaid moths, Datana.—Among the more common repre- 
sentatives of the Notodontide are certain brown moths that have the 
fore wings crossed with bars of a different shade (Fig. 840) and that 
bear on the fore part of the thorax a conspicuous patch of darker 
color. In most of our species the fore 
wings are also marked witha dot near 
the center of the discal cell and a bar 
on the discal vein. These moths be- 
long to the genus Datana. The com- 
mon name, handmaid, is a translation 
of the specific name of our most com- 
mon species, D. ministra. But as this 
species is now generally known as the 
yellow-necked apple-tree worm, and as Fig. 840.—Datana. 
all of our species are dressed in sober 
attire as becomes modest servants, we have applied the term hand- 
maid moths to the entire genus. 

The larvee of the handmaid moths are easily recognized by their 
peculiar habits. They are common on various fruit and forest trees, 
but especially on apple, oak, and hickory. 


Fig. 841.—Datana, larva. 


They feed in colonies; and have the habit of assuming the curious 
attitude shown in Figure 841. The body is black or reddish, marked 
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with lines or stripes of yellow or white. Owing to the gregarious 
habits of these larve they can be easily collected from the trees they 
infest. 

All the species that we have studied agree in being single-brooded, 
the moths appearing in midsummer; the eggs are laid in a cluster 
on a leaf; the larve are conspicuous in August and September. In 
some of the species the larve have the curious habit of leaving the 
branch upon which they are feeding when the time to molt arrives, 
the whole colony gathering in a large mass on the trunk of the tree, 
where the molt takes place. The pupa state is passed in the ground, 
in a very light cocoon or in none at all, and lasts about nine months 
in the species that we have bred. 

The white-tipped moth, Symmerista dlbifrons.—This beautiful 
moth, which is quite common, can be easily recognized by the ac- 
companying figure (Fig. 842,a); the 
white patch, which extends along the 
costa of the fore wing for half the 
length from the tip, being very char- 
acteristic. The larva (Fig. 842, b) is 
quite common in the autumn on 
leaves of oak. It is known as the red- 
humped oak-caterpillar; it is smooth 
; . ; and shining, with no hairs; along 
Fig. 842a.—Symmerista albifrons. cach side of the back there is a 

yellow stripe, and between these, on 
the back, fine black lines on a pale lilac ground; on each side below 
the yellow stripes there are three black lines, the lowest one just 
above the spiracles. The head is orange-red; and there 
is an orange-red hump on the eighth abdominal seg- 
ment. 
The two-lined prominent, Heterocimpa bilineata.— 
- The larva of this 
species( Fig. 843) 
is much more apt 
to be observed 
than the adult. 
It is common in 
the latter part of 
the summer and in early autumn, feeding on the leaves of elm, beech, 
and basswood. It measures when full-grown about 37 mm. in length. 
Its ground-color is usually green, but 
sometimes claret-red. There is a pale 
yellow stripe along the middle of the back, 
and on each side a stripe of the same color. 
The course of these side stripes is very 


Fig. 842b.—Symmerista albifrons, larva. 


she - Fig. 843.—Het bi- 
characteristic; passing back from the ei eiiat co estes 


head, they converge on the prothorax; on 
the mesothorax and metathorax they are 
separated from the dorsal line only by a narrow band of red or purple; 
on the first abdominal segment they diverge to the lateral margin of 
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the back, but converge again on the seventh and eighth abdominal 
segments. This yellow subdorsal line is bordered without by a milk- 
white stripe; and extending from this stripe over the side of the body 
there is a whitish shade which fades out below. The moth is ash 
colored, with the fore wings crossed by two wavy lines between which 
the wing is darker; between the outer wavy line and the outer margin 
of the wing there is a faint band. 

Antlered larve.—Among the remarkable forms exhibited by no- 
todontian larve are those of the freshly-hatched larveof the species 
of Heterocampa. Figure 844 repre- 
sents the first instar of Heterocampa 
varia, which has on the first thoracic 
segment a pair of large antler-like 
horns, and other horns on several of 
the abdominal segments. In the 
second instar all of these horns are 
wanting except small vestiges of the 
first pair. This species feeds on oak. 

The freshly hatched larva of 
Heterocampa guttivitta is also ant- Fig. 844.— Heterocampa varia, larva. 
lered. The horns borne by the pro- (After Packard.) 
thorax are four-branched and there 
are eight-pairs of horns on the abdomen. As in the preceding species 
all of these horns are wanting in the second instar except vestiges of 
the first pair. This species feeds especially on maple, but has been 
found on other trees. 


Fig. 845.—Schizura concinna, larva. 


The red-humped apple-worm, Schizara concinna.—The larva of this 
species (Fig. 845) is common on apple and allied plants. The head 
is coral-red, and there is a hump of the same color on the back of the 
first abdominal segment; the body is striped with slender black, 
yellow, and white lines, and has two rows of black spines along the 
back, and other shorter ones upon the sides. When not eating, the 
larvee remain close together, sometimes completely covering the 
branch upon which they rest. This species passes the winter in the 
pupa state. The adults appear in June and July. 
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The Mocha-stone moths, Meldlopha.—To the genus Melalophabe- 
long several species of brownish-gray moths, whose fore wings are 
crossed by irregular whitish lines. It was these peculiar markings, 
resembling somewhat those of a moss-agate, that suggested the 
popular name given above. The larve feed on poplar and willow, 
and conceal themselves within nests made by fastening leaves to- 
gether. Our most common species is the following. 


Meldlopha incliisa.—The adult (Fig. 846) is a brownish-gray moth 
with the fore wings crossed by three irregular whitish lines. The basal 
line is broken near the middle of the wing; and the intermediate one 
forms an inverted Y, the main stem of which joins the third line near 
the inner margin of the wing, making with it a prominent V. These 
lines are bordered without by rust-red; there is a chocolate-colored 
spot near the apex of the fore wings, and an irregular row of blackish 
dots near the outer margin. The hairs of 
the thorax form a prominent crest, the fore 
side of which is a rich dark brown. The 
hind wings are crossed by a wavy band, 
which is light without and dark within. 

The eggs are nearly spherical and smooth; 
They are deposited in a cluster a single layer 
deep on a leaf (Fig. 847). When the larve 
hatch they make a nest either by fastening 
several leaves together or, as is the case when they infest poplar, by 
folding the two halves of a single leaf together; frequently in the latter 
case the tip of the leaf is folded in as shown in the figure. Within 
this nest the entire colony lives, feeding on the parenchyma, and 
causing the leaf to turn brown. Later other leaves are added to this 
nest or additional nests are made among adjoining leaves. All of 
these infested leaves are securely fastened to the twig by bands of 
silk. When the larvae become large they leave their nests at night 
to feed upon other leaves. These they entirely consume excepting 
the petioles, midribs, and larger veins. We have seen on poplar 
a nest composed of only three leaves which contained one hundred 
and twenty-five : 
half-grown larve; 
all of the leaves, § 
about thirty in 
number, arising 
from the end of the 
branch bearing this 
nest had been con- 
sumed. 

The full-grown 
er ie ? Fig. 847.—Eggs, larva, and nest of Melalopha inclusa. 
is striped with pale yellow and brownish black, and bears a pair of 
black tubercles close together on the first abdominal segment, and a 
similar pair on the eighth abdominal segment. The cocoon is an 


Fig. 846.—Melalopha in- 
clusa. 


= 
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irregular thin web; it is made under leaves or other rubbish on the 
ground. The insect 


remains in the pupa 
state during the win- 
ter, and emerges as a 
moth in the latter part 
of June or later. In 
the South this species 
infests willow as well : : 
as poplar, and is Fig. 848.—Schizura ipomee, larva. 
double-brooded. 

Among the more grotesque larvee belonging to this family are 
those of the genus Schizura, of which we have several species. Figure 
848 represents the larva of Schizura tpomee. At the left in the figure 
is Shown a front view of the longest tubercle. This species feeds on 
oak, maple, and many other plants. In the Gulf States it feeds on 
Ipomea coccinea, which fact suggested its specific name. 


Famity LYMANTRITDA 
The family Liparide of some writers 
The Tussock-moths 


The larvee of these moths are among the most beautiful of our 
caterpillars, being clothed with brightly-colored tufts of hairs; and 
it is to this characteristic clothing of the larve that the popular 
name tussock-moths refers. 

The adult moths are much plainer in appearance than the larve; 
and in the genera Hemerocampa and Notolophus, to which our most 
common species belong, the females are practically wingless, the wings 
being at most short pads, of no use as organs of flight. 

The tussock-moths are of medium size, with the antenne of both 
sexes when winged pectinated, those of the males very broadly so; 
the wingless females have serrate or narrowly pectinate antenne. 
The ocelli are wanting. The legs are clothed with woolly hairs; 
when the insect is at rest the fore legs are usually stretched forward, 
and are very conspicuous on account of these long hairs. The venation 
of the wings is quite similar to that of the Noctuide, but in the 
Lymantriide the point at which veins Sc + Ri and R; of the hind 
wings anastomose is farther from the base of the wing (Fig. 849). 
In some genera these two veins are separate being connected only by 
the free part of vein Ri. The tussock-moths are chiefly nocturnal; 
but the males of some of them fly in the daytime. 

The larve of our native species are very characteristic in appear- 
ance. The body is hairy; there are several conspicuous tufts of hairs 
on the dorsal aspect of the abdomen, and at each end of the body there 
are long pencils of hairs; on the sixth and seventh abdominal seg- 
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ments there is on the middle of the back of each an eversible gland 
supposed to be a scent-organ similar to the osmateria in the larve 
of Papilio, and it is stated that a fine spray of liquid is sometimes 
thrown from them. 


Fig. 850.—Hemerocam- 
ba leucostigma. 


Excepting a few rare forms 
our native species pertain to 
the genera Hemerocampa, Noto- 
ee lophus, and Olene. In the first 

ae R, two of these genera the males 
M, are winged and the females are 
M, nearly wingless. In Olene both 
M, sexes are winged. Our best 
known of the native members 
of this family are the follow- 
ing 


Jor 


ve 2d A 


Fig. 849.—Wings of Hemerocampa leucos- 
lugma. 


The white-marked tussock- 
moth, Hemerocampa leucostig- 
ma.—This is our most com- 
mon representative of the family. It frequently occurs in such great 
numbers that it seriously injures the foliage of shade-trees and or- 
chards.. The male (Fig. 850) is of an ashy gray color; the fore wings 
are crossed by undulated bands of darker shade and bear a conspicu- 


Fig. 851.—Hemerocampa leucostigma, larva. 


ous white spot near the analangle. The female is white and resembles 
a hairy grub more than a moth. She emerges from her cocoon and 
after pairing lays her eggs upon it, covering them with a frothy mass. 
The larva (Fig. 851) is one of the most beautiful of our caterpillars. 


LEPIDOPTERA 681 


The head and the glands on the sixth and seventh abdominal seg- 
ments are bright vermilion red. There isa velvety black dorsal band, 
bordered with yellow subdorsal stripes; and there is another yellow 
band on each side just below the spiracles. The prothorax bears on 
each side a pencil of long black hairs with plume-like tips; a similar 
brush is borne on the back of the eighth abdominal segment, and the 
first four abdominal segments bear dense brush-like tufts of cream- 
colored or white hairs. 


When this insect becomes a pest the larve can be destroyed by 
spraying the infested trees with Paris-green water; or the egg-bear- 
ing cocoons can be collected during the winter and destroyed. These 
cocoons are attached to the trunks of the trees and to neighboring 
objects, or to twigs. In the latter case they are usually partially 
enclosed ina leaf. Cocoons not bearing eggs should not be destroyed, 
as many of them contain parasites. Owing to the wingless condition 
of the female this pest spreads slowly. 


The well-marked tussock-moth, Hemerocampa plagiata.—The 
male, like that of the preceding species, is of an ashy gray color; but 
the markings of the fore wings are much more distinct. The female is 
light brown. She lays her eggs in a mass on her cocoon, covering 
them with hair from her body. The larva closely resembles the pre- 
ceding species in the form and arrangement of its tufts of hair, but 
differs markedly in color, being almost entirely light yellow. There 
is a dusky dorsal stripe and a velvety black spot behind each of the 
tufts of the first four abdominal segments. The head and the glands 
on the sixth and seventh abdominal segments are, like the body, light 
yellow. 


The California tussock-moth, Hemerocampa vetiusta——The two 
species of Hemerocampa described above are found only in the East; 
this species is found in California, where it is common on live oak and 
yellow lupin trees, and has injuriously infested apple and cherry 
orchards. The larve have black heads, crimson hair-bearing warts 
and prolegs, and the four tussocks or brush-like tufts of hairs on the 
back are often dark gray with brownish crests. In general the life- 
history of this species is similar to that of the two eastern species. 


The old tussock-moth, Notélophus antiqua.—The male is of a rust- 
brown color; the fore wings are crossed by two deeper brown bands 
and have a conspicuous white spot near the anal angle. The body of 
the grub-like female is black, clothed with yellowish white hairs; she 
lays her eggs on her cocoon, but, unlike the three preceding species, 
does not cover them with anything. The larva differs from either of 
the preceding in having an extra pair of pencils of plume-like hairs 
arising from the sides of the second abdominal segment; the head is 
jet-black; the glands on the sixth and seventh abdominal segments 
are vermilion-red or sometimes bright orange; and the tubercles on 
the sides of the back of the second and third thoracic and the sixth 
and seventh abdominal segments are orange-red or yellow margined 


with pale yellow. 
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The gypsy moth, Porthétria dispar.—This is a European species 
which was introduced into Massachusetts in 1866 by a French 
naturalist who was conducting experiments with silk-worms. Some 
of the insects escaped from him into a neighboring woodland and be- 
came established there; but they did not attract particular attention 
till about twenty years later. It was then realized that this species 
is a serious pest. Since then millions of dollarshave been expended by 
the State of Massachusetts and the Federal Government in an un- 
successful effort to exterminate it. It has spread over a large part 
of New England, and isolated colonies have been found in New York. 
The larva has a wide range of food- 
plants, feeding on the foliage of 
most forest and fruit trees. The 
male moth is yellowish brown; the 
female white (Fig. 852). In each 
the fore wings are crossed by many 
dark lines and bear a black lunule 
on the discal vein. The specimen 
nue figured isunusually small. Theeggs 
Fig. 852.—Porthetria dispar. are laid in a mass on any convenient 

object and are. covered with hair 
from the abdomen of the female. The larva differs greatly in appear- 
ance from those of the preceding genera, lacking the peculiar pencils 
and tufts of hair; but the characteristic glands of the sixth and 
seventh abdominal segments are present and are red. The body is 
dark brown or black, finely reticulated with pale yellow, and with 
narrow yellow dorsal and subdorsal lines. On the dorsal aspect of 
each segment there is a pair of prominent, rounded tubercles bearing 
spiny black hairs. The first five pairs of these tubercles are bluish, 
the others dark crimson-red. There are also two rows of tubercles 
on each side of the body which bear longer hairs. 


The brown-tail moth, Eupréctis chrysorrhea.—The brown-tail 
moth is another European pest, which was introduced into Massa- 
chusetts at some unknown date. It first attracted attention by its 
ravages in 1897, and since then has spread overa considerable part of 
New Englandand has extended into New Brunswick and Nova Scotia. 
The wings of the female moth are white; and the tip of the abdomen 
bears a tuft of yellowish brown hairs, hence the popular name of the 
insect. The female expands about 37 mm. The male is a little 
smaller than the female; and the brownish tuft at the end of the 
abdomen is not so conspicuous as in the female. The larva feeds on 
the foliage of fruit-trees and of almost all kinds of shade-trees except 
conifers. The eggs are laid in an elongate mass on the underside of 
a leaf, during July. The egg-mass is covered with brownish hairs 
from the tip of the abdomen of the female. The eggs hatch in two or 
three weeks. The larvee hatching from an egg-mass feed together on 
adjoining leaves at the tip ofa branch. These they web together with 
silk, making a nest within which they pass the Winter in a partially 
grown condition. In early spring the larve leave their winter quar- 
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ters and feed on the expanding foliage. They become full grown in 
five or six weeks; and then spin thin cocoons of white silk in curled 
leaves, crevices in bark of trees, or under any convenient shelter. 
About three weeks later the moths emerge. 

The full-grown larva of the brown-tail moth measures about 37 
mm. in length. It is nearly black in ground color, clothed with tufts 
of brownish barbed hairs, and has a row of nearly white tufts on each 
side of the body. In the center of the sixth and seventh abdominal 
segments are small, red, retractile tubercles. The barbed hairs borne 
by the subdorsal and lateral tubercles are venomous and produce an 
inflamation of the skin of man much like that caused by poison ivy. 
As the cast skins of the larvee are blown about by the wind, people 
are frequently badly poisoned where this pest is common. 

To control this pest the nests in which the larvee hibernate should 
be collected during the winter and burned. 


Famity NOCTUIDA# 
The Noctuids or the Owlet-Moths 


If only our fauna be considered, this is the largest of all of the 
families of the Lepidoptera; more than 2500 species of noctuids are 
now know to exist in America north of Mexico. The great majority 
of the moths that fly into our houses at night, attracted by lights, 
are members of this family. The nocturnal habits of these insects, 
and the fact that often when they are in obscurity their eyes shine 
brightly suggested the name of the typical genus, Noctua, from the 
Latin for owl, as well as the popular name owlet-moths, by which 
they are known. Similar popular names have been given them in 
several other languages. 

Although there exist within the limits of the family great differences 
in size, form, and coloring, most of the species are dull-colored moths 
of medium size. 

In the typical noctuids, the body is large in proportion to the size 
of the wings; the front wings are strong, somewhat narrow, and 
elongated, the outer margin being shorter than the inner margin; 
and when at rest, the wings are folded upon the abdomen, giving the 
insect a triangular outline. The antenna are thread-like, or fringed 
with hairs, or pectinate in the males. ‘Two ocelli 
are almost always present. The labial palpi are well developed, and 
in some species quite prominent. The maxilla are quite long and 
stout in most species. The thorax is heavy and stout. In the 
majority of the species the scales or the dorsal surface of the thorax 
are turned up more or less, forming tufts. The abdomen is conical 
and extends beyond the anal angle of the hind wings when these 
are spread. The venation of the wings of a member of this family is 
represented by Figure 853. Vein Me of the fore wings arises much 
nearer to vein M3 than to vein M:; there is usually an accessory cell; 
the first anal vein is wanting, and the third anal vein may be present 
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with its tip joined to the second anal vein near its base. On the hind 
wings veinsSc-++ R, and vein R, coalesce for a short distance near the 
base of the wing; vein Mz may be either well preserved or much weak- 
er than the other veins, or in a few cases lost;and there is considerable 
variation in the point of origin of this vein. 


3d A 2d A 


Fig. 853.—Wings of Catocala fraxint. 


The majority of the larve are naked, of dull colors, and provided 
with five pairs of prolegs. Asa rule they feed on the leaves of plants, 
but some are borers and some gnaw into fruits. Among them are 
some of the more important insects injurious to agriculture. 


The family Noctuide has been divided into many subfamilies. 
In the following pages the more important of those represented in 
our fauna are briefly discussed, in order to show, as well as possible 
in a limited space, the variations in form included in this family, and 
to indicate the position of our more important species 


LEPIDOPTERA 685 


There is a group of moths, the deltoids, which are placed at the 
foot of this family on account of their apparent relationship to the 
geometrids and to the pyralids. These moths are usually of dull 
colors and of medium size. The name deltoids was suggested by the 
triangular outline of the wings when at rest, which is well represented 
by the Greek letter delta. When in this position the wings slope 
much less than with other noctuids, the attitude being more like that 
assumed by the geometrids; but the hind wings are more nearly 
covered than with the geometrids. Many of the deltoids have very 
long palpi, resembling in their size those of the pyralids. The del- 
toids include the two following subfamilies. 

The subfamily Hypenin#.—A representative of this subfamily is 
the following species. 

The green clover-worm, Plathypéna scabra.—This is a common 
deltoid. The usual food-plant of the larva is clover, but it occasion- 
ally defoliates peas, beans, and lima beans. 
It is a slender green worm measuring when 
full-grown 16 mm. in length and only about 
2.5 mm. in width in its widest part; it has 
a narrow subdorsal whitish line and a lateral 
one of the same color. Whenready to trans- wy iw 
form it webs together several leaves and Fig. 854.—Plathypena 
passes the pupa state in the nest thus made. scabra. 

The adult (Fig.854) isa blackish brown moth, 

with an irregular grayish shade on the outer half of the fore wings, 
and with very broad hind wings. The palpi, which are not well 
shown in the figure, are long, wide, and flattened; they project 
horizontally like a snout. 

The hop-vine deltoid, Hypéna himuli.— This species is closely 
allied to the preceding and has often been confounded with it. The 
larva feeds on the leaves of hop, and is sometimes a serious pest. 

The subfamily Herminitn2.—The following species will serve 
as an example of this subfamily. 

Epizeuxis lubricalis—This is one of the most abundant of our 
deltoids. In this species (Fig. 855) the fore 
wings are chocolate-brown, crossed with 
yellowish lines; the hind wings are much 
lighter. The palpi are long; but they are 
curved over the head, so that they appear 
short when seen from above, as represented 
Fe eee eee es uke: in the figure. The larva feeds on dead leaves. 

ee i The subfamily ERepin&.—More than 120 
species belonging to this subfamily are now 
listed from our fauna. The three following will serve as examples. 

The black witch, Erebus odéra.—This is the most magnificent in 
size of all of the noctuids found in this country (Fig. 856). There is 
much variation in the depth of coloring. The individual figured is a 
female; in the male the fore wings are more pointed at the apex and 
the median band is indistinct. It is a native of the West Indies; 
but it is believed that it breeds in the extreme southern portion of 
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the United States. Isolated individuals are found in the North in 


Fig. 856.—Erebus odora. 


late summer or autumn. These are found as far north as Canada 
and west to Colorado, and even in 
California. These have doubtless 
flown north from their southern 
breeding places, possibly from Cuba 
or Mexico. 

The larva feeds on certain tropic- 
al leguminous trees, Cassia fistula, 
Pithecolobium, and Saman. 

The scalloped owlet, Scoliép- 
teryx ltbatrix.—This moth is easily 
recognized by the shape of its wings, the outer margins of which are 
deeply cut and scalloped (Fig. 857). The color of the fore wings is 
soft brownish gray, slightly powdered with rust-red, and frosted with 
white along the costa. There is an irregular patch of rust-red reach- 
ing from the base to the middle of the wing, a single, white, transverse 
line before the middle, and a double one beyond the middle. The larva 
feeds onwillow. This species is found in all parts of the United States 
and in Europe. 

The cotton-worm, Alabama argillacea.—Excepting perhaps the 
cotton-boll weevil, this is the most important insect pest in the 
cotton-growing states. The adult insect (Fig. 858) is a brownish 
moth with its fore wings crossed with wavy lines of darker color and 
marked with a bluish discal spot and two white dots as shown in the 
figure. ‘This moth is found in the Northern States and even in 


Fig. 857.—Scoliopteryx libatrix. 
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Canada in the latter part of the summer and in the autumn. But 
this occurrence in the North is due to migrations from the South, 
as the insect can 
not survive the 
winter north of 
the Gulf States. 
The larva feeds 
on the foliage of 
cotton; and as ' 
£ there are five or vi 
Big. 858.—Alabama argilla- Six generations in Fig. 859.—Autographa fal- 

cea, a year, the mul- tfera. 

: tiplication of in- 
dividuals is very rapid, and the injury to the cotton great. 

The best-known way of combating this pest is by the use of Paris 

green. Dusting machines drawn by horses are in common use. 


The subfamily PLustin# includes nearly seventy North American 
species. In a large number of these the fore wings are marked with 
metallic-colored scales. The most common form of this marking is a 
silvery spot, shaped something like a comma, near the center of the 
wing (Fig. 859). Insome 
of the species the metallic 
markings cover a large 
portion of the fore wings, 
in others they are want- 
ing 


‘Most larvee have only 
three pairs of prolegs, the 
first two pairs being 
wanting; due to this fact 
they walk with a looping 
motion (Fig. 860) resem- 
bling somewhat that of 
the geometrids. 

The two following 
species have attracted at- 
tention by their injuries 
to cultivated plants; the 
celery looper, Autographa 
falcifera, and the cabbage 
looper, Autdgrapha bras- 
SUC. 

The subfamily Cato- Fig. 860.—The cabbage-looper, Autographa brasst- 
CALINZ.—To this sub- ce: a, male moth; d, egg; c, full-grown larva; 
family belong the “‘under- 4, pupa in cocoon. (After Howard and Chitten- 
wings” and their allies. Ge) 

Here belong nearly two 
hundred North American species. The following are some of those 
most likely to attract attention. 
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The underwings or catocalas, Catécala—The most striking in 
appearance of the noctuids, if we except the black witch and one or two 
allied species, are 
the moths belong- 
ing to the genus 
Catocala. These 
moths are of large 
size, often expand- 
ing 75 mm. or more. 
The fore wings are 
usually brown or 
gray, marked with 
wavy or zigzag 
lines. The ground- 
color of the hind 

Fig. 861,—Catocala tlia. wings is black; but 
in many _ species 
these wings are conspicuously banded with red, yellow, or white. 
This peculiarity has suggested the name underwings by which these 
insects are commonly known in England. The genus is a very large 
one; more than 100 species are now known from this country; and 
many of these are extremely variable, so that nearly twice that 
number of named forms are now recognized. The ilia underwing, 
Catécala ilia, will serve as an example (Fig. 861). The larve of the 
underwings feed on the leaves of various forest-trees. Many species 
infest oak and hickory. By careful search both the adults and larve 
can be found resting on the trunks of these trees; but it needs sharp 
eyes to do it, as the colors of these insects are usually protective, 
the bright-colored hind wings of the moths being covered by the fore 
wings when the insect is at rest. 


The clover-looping-owlets, Centirgia—Among the more common 
noctuids that occur in our meadows and pastures, and that fly up 
before us as we walk through them, are two species belonging to the 
genus Cenurgia. ‘These may be called the clover-looping owlets; for 
the larve feed on clover, and, as they have only three pairs of prolegs 
they walk in a looping manner. One 
of these species is Centrgia eréchtea. 
This moth (Fig. 862) has dark or light 
drab-gray fore wings, which are marked 
by two large dark bands, as shown in 
the figure. These bands are always 
separate, distinct, and well defined 
towards the inner margin in the male; 
in the female the markings are much 
less distinct, the bands usually in- 
visible. Fig. 862.—Cenurgia erechtev 

The other common species of this 
genus is Centrgia crassttscula. In this species the fore wings have 
either a distinct violaceous brown or a red or buffy shade, with the 
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two large dark bands very variable, often shading into the ground- 
color on the outer edge or coalescing near the inner margin; all the 
markings are equally distinct in both sexes. 

Parallélia bistriaris—This moth (Fig. 863) is brownish in color, 
and has the fore wings crossed by two parallel lines. The larva feeds 
on the leaves of maple. 

Zale lundta.—This is a brownish moth with marbled wings. It 
varies greatly in its markings. Figure 864 represents the female 


Fig. 863.—Parallelia bistriaris. 


Fig. 864.—Zale lunata. 


which was once called edusa, and which does not show well the lunate 
mark on the hind wings that probably suggested the name of the 
species. The larva feeds on the leaves of rose, willow, maple, plum, 
and other plants. 

The subfamily ERAsTRIN#.—In this subfamily the moths are of 
small or moderate size; and some of them bear a strong resemblance 
to tortricids. Many of the species aremarked with bright colors, and 
especially with white. The two following spe- 
cies will serve to illustrate this group. 

Chamyris cerintha.—This moth (Fig. 86s) 
is white, with the fore wings marked with shades 
of olive, brown, and blue. The hind wings have 
a narrow border of dark scales, within which 
there may be a cloudy shade as shown in the 
figure, or this shade may be wanting. The Fig. 865.—Chamyris cer- 
larva feeds on the leaves of apple. intha. 

Tarachidia candefadcta.—This species (Fig. 

866) is also largely white, with the fore wings marked with shades of 
olive, brown, and yellow. The amount of yellow varies greatly in 
different individuals. The larva feeds on the 
leaves of Ambrésia artemisiefolia. 

The subfamily ApaTELIN®.—This is a large 
subfamily, including more than 600 North Amer- 

hae ican species. The various species grouped to- 

Fig. 866.— Tara- gether here exhibit great differences in appear- 

chidia cande- ance. Among those that are most likely to attract 
facta. attention are the following. 

The typical genus, Apaté/a, includes nearly 

too North American species. This genus is named Acronycta by 

those authors who do not recognize the names proposed by Hubner 
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in his ‘“Tentamen,”’ of which A patela is one. The fore wings of these 
moths are generally light gray with dark spots, and in many species 
have a dagger-like mark near the 
anal angle. On this account they 
have received the name of daggers. 
The larvee exhibit much diversity in 
appearance; those of some species 
are hairy like the larve of arctiids, 
while others are nearly naked. 
The ochre dagger, A patéla moru- 
la.—This moth (Fig. 867) is pale 
; LF gray with a yellowish tinge. Besides 
Fig. 867.—A patela morula. the black line forming part of the 
dagger near the anal angle of the 
fore wing, there is a similar black line near the base of the wing, 
and a third near the outer margin between veins M; and Ms. The 
larva feeds on elm and basswood. When full-grown it is mottled 
brown and greenish like bark; it is clothed with but few scattered 
hairs, and has a hump on the first, fourth, and eighth abdominal seg- 
ments. 


The American dagger, Apatéla americana.—This is 4 gray moth 
resembling in its general appearance the preceding, but with the black 
lines on the fore wings much less distinct. Its larva, however, is very 
different (Fig. 868). This larva looks like an arctiid, being densely 
clothed with yellow hairs. But these hairs are scattered over the 
surface of the body instead of growing 
from tubercles as with the larve of 
arctiids. Along the sides of the body 
and at each end are a few scattered 
hairs that are longer than the gen- 
eral clothing, and there are two 
pairs of long black pencils borne by 
first and third abdominal segments, 
and a single pencil on the eighth ab- 
dominal segment. When at rest the 
larva remains curled sidewise on a 
leaf, as shown in the figure. It feeds 
on maple, elm, and other forest trees. 

The witch-hazel dagger, A patéla 
hamamélis.—In the latter part of 
summer and in autumn what is be- 
lieved to be the larva of this species is 
common on the leaves of witch-hazel, 
oak, and other forest trees. It differs 
greatly in appearance from the pre- 
ceding species, being nearly naked __ As 
(Fig. 869). When at rest it usually Fig. 868.—A patela americana, larva. 
lies curled as shown in the figure. 

It varies in color from light yellow to reddish brown. Itsmost char- 
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acteristic feature is a double row of milk-white spots along the middle 
of the back. 

The copper hindwing, Amphipyra pyramidoides.—The fore wings 
of this moth (Fig. 870) are dark brown, shaded with paler brown, and 
with dots and wavy lines of a glassy gray or dull whitish hue. The 
hind wings, except the costal third, are reddish with more or less ofa 
coppery luster. This suggests the popular 
name. ‘The larva feeds on the leaves of 
grape and of Virginia-creeper. 

The many-dotted apple-worm, Balsa 
malana. In June, and again in August or 
September, there is sometimes found on 
apple-trees, in considerable numbers, a 
rather thick, cylindrical, light-green worm, 
an inch or more in length, with fine, white, 
longitudinal lines and numerous whitish 
dots. These are the larve of the little moth 
represented by Figure 871. The fore wings 
of this moth are ash-gray, marked by ir- 
regular, blackish lines. The larve feed on 4 
the leaves of many other trees beside apple. Fig. 869.—A patela hama- 
The moth has been found throughout the melis, larva. 
eastern half of our country. 

The hop-plant borer, Gortyna immanis.—This is a well-known pest 
in the hop-growing regions. The moths deposit their eggs on the tips 
of the hop-vines just as they begin to 
climb. The young larva burrows into 
the vine just below the tip and spends 
the early part of its life in the vine at 
this point, causing the injury called 
by growers ‘‘mufflehead.” Later the 
larva burrows to the base of the vine, 
where it feeds upon the stems. In this 

: stage it is known as the hop-grub. 

Fig. 870.—Amphipyra pyramidoi- The pupa stage is passed in the ground 

des. near the infested roots. The moths 

emerge in the autumn or in the follow- 

ing spring. To checkthe ravages of this pest the muffleheads should 
be picked off and destroyed while the larve are still in them. 

The divers, Bellaira.—The genus Bellura contains three North 
American species, B. melanopyga, B. diffisa,and B. gortynoides. The 
first two of these species were bred by the writer 
from the leaf-stalks of the yellow pond-lily, the 
habits of the third species are as yet undescribed. 
The larve of the first two species are able to de- 
scend into water and remain there for a long time; 
for this reason the common name the divers is 
proposed for them. 

The black-tailed diver, Belluira melanopyga.— 
Only the female of this species has been described. In this sex the 


Fig. 871.—Balsa mal- 
anda, 
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thick tuft of hair at the caudal end of the body is black or blackish. 
The larva of this species was first observed in Florida (Comstock’81). 
A detailed account of its habits was later published by Welch (14), 
who studied it at Douglas Lake, Michigan. It is at first a leaf-miner 
in the leaves of the yellow pond-lily, later it is a borer in the leaf- 
stalks. Its habits are similar to those of the following species. 

The brown-tailed diver, Bellura diffisa.——Shortly after the dis- 
covery of the preceding species in Florida, the writer studied larve 
with similar habits at Ithaca, N. Y. From these larve were bred 
moths which proved to be Bellura diffusa. In this species the anal 
tuft of the female is dark brown. In the male there is a series of dark 
tufts on the basal abdominal segments. 

The young larvee of this species were not observed; doubtless they 
are leaf-miners like those of the preceding species. The older larvee 
live in the leaf-stalks of the pond-lily, a single larva in a leaf-stalk. 
The larva bores a hole from the upper side of the leaf into the petiole, 
which it tunnels in some instances to the depth of two feet or more 
below the surface of the water. This necessitates its remaining below 
the surface of the water while feeding. The writer has seen one of 
these larvee remain under water voluntarily for the space of a half- 
hour. The tracheze of these larve are unusually large, and we 
believe that they serve as reservoirs of air for the use of the insect 
while under water. The form of the hind end of the larva has also 
been modified, so as to fit it for the peculiar life of the insect. The 
last segment appears as if the dorsal half had been cut away; and in 
the dorsal part of the hind end of the next to the last segment, which, 
on account of the peculiar shape of the last segment, is free, there open 
a pair of spiracles much larger than those on the other segments. 
When not feeding the larva rests at the upper end of its burrow, with 
the segment bearing these large spiracles projecting from the water. 

The white-tailed Bellura, Bellara gortynotdes.—In this species the 
anal tuft of the adult female is white. The habits of the larva have 
not been described. 

The cat-tail noctuids, Arzama and Archanara——Two or more 
species of noctuids infest the cat-tail plant, Typha, in this country. 
The larve of both are at first leaf-miners, later they bore in the stalks. 
Our most common species is Arza@ma obliqua. According to the 
observations of Claassen (’21) the full-grown larva overwinters in its 
burrow in the cat-tail plant and transforms in the spring. But the 
late Professor D. S$. Kellicott, who made a special study of this 
species, informed me in a letter written in 1882, that the larva leaves 
the cat-tail plant in the fall and conceals itself under bark, in old 
wood and even in the ground until spring when it pupates, and 
emerges as a moth in May. It is evident, therefore, that individuals 
of this species differ as to the location in which they pass the winter. 

Figure 872 represents either a variety of this species or a closely 
allied species. It was determined for me by Grote in 1882 as Arzama 
obliqua. I collected larve of this form in winter from under bark of 
fence-posts near water. 
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The grape-vine epimenis, Psychomérpha epiménis.—This is a vel- 
vety-black species with a large white patch on the outer third of the 
front wings and a brick-red patch on the 
hind wings (Fig. 873). The larva re- 
sembles somewhat that of Alypia figured 
on a later page, but it is bluish and has 
only four light and four dark stripes 
on each segment. It feeds upon the ter- 
minal shoots of grape and Virginia-creeper 
in spring, drawing the leaves together by 
a weak silken thread and destroying them. u\ 
When ready to transform, which is us- Fig. 872.—Arazama obliqua. 
ually towards the end of May, it either 
enters the ground or bores into soft wood to form a cell. Within 
this it remains until the following spring. 

The beautiful wood-nymph, Euthisandtia gra- 
ta.—This moth (Fig. 874) well deserves the popu- 
' lar name that has been applied to it. Its front 
wings are creamy white, with a glassy surface; a 
wide brownish purple stripe extends along the 
costal margin, reaching from the base to a little 
beyond the middle of the wing, and on the outer 
margin is a band of the same hue, which has a 
wavy white line running through it, andismargined 
internally with a narrow olive-green band. On the inner margin is a 
yellowish olive-green cloud. The hind wings are pale ochre- 
yellow, with a brown band on the outer margin. The wing expanse 
is about 40 mm. ‘The moth appears 
during the latter part of June or early 
in July. The larva of this species is 
pale bluish, crossed by bands of orange 
and many fine black lines. It also 
bears a resemblance to that of Alypza, 
but may be distinguished by having on- 
ly six transverse black lines on each seg- 
ment. It has the same food-plants as 
the species described above. It trans- 
forms in a cell in the ground or in soft 
wood. 


The pearl wood-nymph, Euthisanotia tinio.—This moth closely 
resembles the species just described, but is smaller, expanding a little 
less than 37 mm. ‘The outer border of the front wings is paler and 
mottled; and the band on the hind wings extends from the anal 
angle to the apex. The larva resembles that of FE. grata; it feeds upon 
the leaves of Epilobium coloratum, and perhaps on grape also. 


Fig. 873.—Psychom- 
orpha epiments. 


Fig. 874.—Euthisanotia grata. 


The subfamily CucuLtun#®.—This subfamily is of considerable 
size, 264 North American species are now listed. Among them are 
the foilowing. 
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The hooded owlets, Cuciillia—We have several common grayish 
moths, in which the fore wings are marked with numerous irregular 
dashes of dark color, and in which the 
thorax is furnished with a prominent 
tuft of scales. These moths belong to 
the genus Cucillia. Figure 875 repre- 
sents Cuctillia spéyert.—These insects 
evidently have the power of moving 
this tuft of scales; for sometimes it 
projects forward over the head as 
shown in thefigure, whilein other speci- 
mens of the same species it may be di- 
; : rected backward; in this case it is 

Fig. 875-—Cucullta speyert. much less conspicuous. The larve of 

the hooded owlets feed upon the flowers 
of goldenrod and other Composite. 

The subfamily Hapenin“2.—About 370 North American species 
are included in this subfamily; among them are the following. 


The army-worm, Cirphis uniptincta.—The army-worm is so called 
because it frequently appears in great numbers, and, after destroying 
the vegetation in the field where the 
eggs are laid, marches like an army 
to other fields. This insect occurs 
throughout the United States east of 
the Rocky Mountains and is present 
every year; but it attracts attention 
only when it appears in great num- 
bers. Thelarvaisfrom 40 to 50mm. 
long when full-grown, and is striped 
with black, yellow, and green. The 
adult is of a dull brown color, marked 
in the center of each fore wing with 
a distinct white spot (Fig. 876). In 
seasons of serious outbreak of this 
pest it usually appears first in limit- 
ed areas, in meadows or pastures. Fig. 876.—Cirphis unipuncta. 

If it is discovered before it has spread 

from these places it can be confined by surrounding the field with a 
ditch, or it may be destroyed by spraying the grass with Paris green 
water. Ordinarily, however, the worms are not observed until after 
they have begun to march and are wide spread. In such cases it is 
customary to protect fields of grain in their path by surrounding 
them with ditches with vertical sides; it is well to dig holes like post- 
holes at intervals of a few rods in the bottom of such ditches. The 
worms falling into the ditch are unable to get out, and crawl along 
on the bottom and fall into these deeper holes. We have seen these 
insects collected by the bushel in this way. 


The zebra-caterpillar, Ceramica picta—Cabbage and other, garden 
vegetables are often subject to the attacks of a naked caterpillar, 
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which is of a light yellow color, with three broad, longitudinal black 
stripes, one on each sideand the top of the back. The stripes on the sides 
are broken by numerous pure 
white lines (Fig. 877). When 
full-grown the larva enters the 
ground where it makes a slight 
silken cocoon in which to trans- 
form. There are two generations 
ayear. The adult (Fig. 878) has 
dark chestnut-brown fore wings 
and pale yellowish hind wings. 

Certain members of this sub- 
family have attracted attention on account of their ravages as cut- 
worms. Several of these belong to the genus Polia, the Maméstra 
of some authors, which includes more than too North American spe- 
cies. The majority of our described 
cutworms pertain to the next sub- 
family. 

The subfamily AcRroTiIn&.—This 
is one of the larger of the subfamilies 
of noctuids, including more than 550 
described North American species. 
Here belong the larger number of those 

noctuids that are known as cutworms; 
Fig. 878.—Ceramica picta. but other members of this subfamily 
exhibit quite different habits. 


The corn ear-worm or the cotton boll-worm, Heliothis obsoléta.— 
This is a widely distributed pest, the larva of which infests many 
different plants. It is often found feeding on the tips of ears of 
growing corn, especially of sugar-corn; in fact it is the worst insect 
pest of sugar-corn. And it is also one of the more important of the 
pests of cotton, ranking next to the boll-weevil and the cotton-worm; 
the larva bores into the pods or bolls of the cotton, destroying them. 
It frequently infests tomatoes, eating both the ripe and the green 
fruit. Occasionally it is found within the pods of peas and ofbeans, 
eating the immature seeds. It also bores into the buds, seed-pods, 
and flower-stalks of tobacco. The full-grown larva measures from 
30 to 4o mm. in length. It varies greatly in color and markings. The 
pupa state is passed in the ground. The number of generations 
annually varies according to latitude; there is probably only one in 
Canada, but in the Gulf States there are from four to six. Like the 
larva, the moth is extremely variable in color and markings. 


The evening primrose moth, Rhodéphora florida.—This is a very 
beautiful moth with most interesting habits. It is quite common, 
flying at night about evening primroses, both wild and cultivated, 
and hiding during the day in the partially closed flowers. It expands 
about 30 mm. The fore wings are bright pink or rosy red from the 
base to the subterminal line, beyond which they are pale yellow, like 


Fig. 877.—Ceramica picta, larva. 
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the flowers of the evening primrose. The hind wings are white. 
The fading petals of the primrose turn pinkish, and the pink color of 
the closed fore wings renders the moth invisible when in old flowers, 
while the yellow tips of the fore wings protruding from a flower still 
fresh and yellow, forms an equally perfect protection from observa- 
tion. This moth in its passage from flower to flower transports pollen 
and is the special means of insuring the cross-fertilization of the even- 
ing primrose. It attaches its eggs to the stalks of the flower buds or 
near them. The larve feed on the petals of the flowers and bore 
into the buds and seed-vessels. They are bright green, covered with 
numerous, elevated, white granules; when full-grown they measure 
30mm. inlength. Their color is protective. There is a single genera- 
tion each year. 

Cut worms.—Few pests are more annoying than the rascally little 
harvesters that nightly, in the spring, cut off our corn and other 
plants before they are fairly started. There are many species of these 
cut-worms, but they are all the larve of owlet-moths. In general 
their habits are as follows: The moths lay their eggs during mid- 
summer. The larve soon hatch, and feed upon the roots and tender 
shoots of herbaceous plants. At this time, as the larve are small and 
their food is abundant, they are rarely observed. On the approach 
of cold weather they bury themselves in the ground and here pass 
the winter. In the spring they renew their attacks on vegetation; 
but now, as they are larger and in cultivated fields the plants are 
smaller, their ravages quickly attract attention. It would not be so 
bad if they merely destroyed what they eat; but they have the un- 
fortunate habit of cutting off the young plants at the surface of the 
ground, and thus destroy much more than they consume. They do 
their work at night, remaining concealed in the ground during the 
daytime. When full-grown they form oval chambers in the ground 
in which they pass the pupa state. The moths appear during the 
months of June, July, and August. 

There are some exceptions to these generalizations: some species 
of cut-worms ascend trees during the night and destroy the young 
buds; many pass through two generations in the course of a year; 
and a few pass the winter in the pupa state. 

Cut-worms can be destroyed by poisoned baits of fresh clover or 
other green vegetation, or with poisoned dough made of bran. 
Much can be done by making holes in 
the ground with a sharpened stick, as 
a broom-handle. The holes should be 
vertical, a foot deep, and with smooth 
sides. On the approach of day the cut- 
worms will crawl into such holes to hide 

Ms and will be unable to crawl out again. 
Fig. 879.—A grotis c-nigrum. One of our cut-worms, which is 
known as the spotted cut-worm, is the 
larva of the black-c owlet, A grotis c-nigrum. This moth (Fig. 879) 
is one of the most common species attracted to lights. It occurs 
throughout our country and in Europe. 
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Famity AGARISTIDA 
The Foresters 


The validity of this family is in doubt. Some of the best-known 
genera that were formerly included in it have been transferred to the 
Noctuidae; and it isan open 
question whether or not the 
remaining genera should be 
similarly transferred. 

The character that is 
used to distinguish these 
moths from the Noctuidee 
is that the antenne are more 
or less thickened towards 
the tip, while in the Noctu- 
idz the shaft of the antennz 
tapers regularly. The ve- 
nation of the wings (Fig. 
880) is very similar to that 
of some noctuids. 

The larve are but slight- 
ly clothed and live exposed 
on the leaves of plants. 
They are distinguished from 
those of the Noctuidez only 
in color, nearly all of the 
species being transversely 
striped. Our more common 
species feed chiefly on grape Fig. 880——Wings of Copidryas  gloveri. 
and Virginia-creeper, which 
they sometimes injure to a serious extent. In such cases they can be 
destroyed by the use of arsenical poisons, even in vineyards in the East, 
as the application would have to be madeearly in the season and the 
summer rains would wash the poison from the vines. The pupa state 
is passed either in an earthen cell or in a very slight cocoon. 

The family as now restricted is one of limited extent, only sixteen 
North-American species are known. The larger number of these occur 
in the Far West or in the Gulf States. The following are the best- 
known species. 

The eight-spotted forester, Alypia octomaculata.—This species is 
of a deep velvety-black color. The front wings have two large sulphur- 
yellow spots; and the hind wings, two white spots. The tegule are 
sulphur-yellow. In markings both sexes of this species closely re- 
semble the male of the following species represented in Figure 882. 

The larva (Fig. 881) feeds upon the leaves of grape and Virginia- 
creeper, and sometimes occurs in such large numbers as to do serious 
injury. The ground-color of the larva is white, with eight black stripes 
on each segment, and a broader orange band, bounded by the two 
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middle stripes; the orange bands are marked by black, conical, 
elevated spots. There are usually two broods each year, the moths 
appearing on the wing in 
May and August, the 
caterpillars in June and 
July, and in September. 
The pupa state is passed 
in an earthen cell in the 
ground. 
Fig. 881.—Alypia octomaculata, larva. This species is found 
in the Atlantic States 


from Massachusetts to Texas. 


Langton’s forester, Alypia langténit.—This species resembles the 
preceding in general appearance, but the females 
can be readily distinguished by the hind wings 
bearing only a single spot, which is yellow. The 
males are dimorphic; in one form the males re- 
semble the females in having a single spot on the 
hind wings, in the other form there are two spots ; 
(Fig. 882). This species is found in northern New pig. gg2—Alypia 
York, the mountains of New Hampshire, Canada —_Jangtonii. 
to the Pacific Coast, and the mountains of Cali- 
fornia. The larva feeds on fireweed, Epilobium angustifolium. 


Famity PERICOPIDA 


The Pericopids 


These beautiful in- 
sects occur within the 
limits of our country 
only in the far West and 
in the Gulf States. They 
resemble the wood- 
nymph moths in their 
strongly contrasting 
colors; but can be dis- 
tinguished from them by 
the position of the origin 
of vein Me of the hind 
wings, which appears to 
be a branch of cubitus 
(Fig. 883). 

This family is repre- 
sented in our fauna by 
only four species; but 
these represent three gen- 
era. Our most common 
species is Guophela 


Fig. 883.—Wings of Gnophela latipennts. 
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latipénnis, which is found in the Rocky Mountains and in the Pacific 
The wings of this 


States, in the foot-hills of the Sierra Nevadas. 


species are black spotted with 
yellow. There is some varia- 
tion in the number and size of 
the spots on the wings. Figure 
884 represents a specimen tak- 
en in Colorado. This is the 
variety known as vermiculata. 

The larva feeds on Merten- 
sta; when full-grown it meas- 
ures about 30 mm. in length. 
The body is blackwith sulphur- 
yellow interrupted bands and 
steel-blue tubercles. There are 


Fig. 884.—Gnophela latipennis. 


three pairs of the blue tubercles on each side of each segment; each 
tubercle bears some short whitish hairs. 


Famity ARCTIIDA 


The Tiger-Moths and Footman-Moths or Arctiids 


The Arctiidz includes stout-bodied moths, with moderately broad 
wings, which in the majority of cases are conspicuously striped or 
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Fig. 885.—Wings of Halisidota sp. 


spotted, suggest- 
ing the popular 
name tiger- 
moths; some of 
the species, how- 
ever, are unspot- 
ted. Alargepro- 
portion of the 
species are ex- 
ceedingly beauti- 
ful; this renders 
the famly a fa- 
vorite one with 
collectors. Asa 
rule, when at 
rest, the wings 
are folded, roof- 
like upon the 
body. Most of 
the moths fly at 
night, and areat- 
tracted to lights. 

The ocelli are 
present in the 
first subfamily, 
absent in the 
other two. The 
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palpiare short,usually but little developed. The maxilla are present, but 
they are often weak. The most important features in the venation 
of the wings are the following; first, the union of veins Mz and M3; 
of the fore wings with cubitus, making it apparently four-branched, 
in a few lithosiids these branches of media are wanting; and second, 
the coalescence of the subcosta and radius of the hind wings for a 
considerable distance (Fig. 885). The extent of the union of these two 
veins varies greatly in the different genera; it is for at least a fifth, 
usually a half of the length of the discal cell, but not beyond the end 
of the cell. 

The larve of the tiger-moths, except that of Utetheisa, are clothed 
with dense clusters of hairs. In fact a large proportion of our common 
hairy caterpillars are members of this family. In some species, 
certain of the clusters of hairs are much larger than the others, re- 
sembling in this respect the clothing of the tussock-moths. Most 
larvee of the arctiids feed upon herbaceous plants, and many species 
seem to have but little choice of food-plant; but certain common 
species feed upon leaves of forest-trees. 

The family Arctiide is divided into three subfamilies, each of 
which is regarded as a distinct family by some writers. These sub- 
families can be separated as follows: 


Ae Ocelli a present saaD 57 OO) gers A er Let an tee erent eee ARCTIINE 
AA. Ocelli absent. 
Bien Ore wingomwitberaisedescale-tUnicenpen7 © Seen eterna NoLINz 
BB ae Oreawings  smoothlyescaled.. pa7.07 = ne ee LITHOSIIN 


SUBFAMILY ARCTIIN/A 
The Tiger-Moths 


The presence of ocelli distinguishes the members of this subfamily 
from those of the other two. It is the largest of the three subfamilies, 
— including about 12s North 
m American species. The follow- 
mm ing are some of the more com- 
Mm mon representatives. 

: The genus Haploa.—Among 
the more beautiful of the tiger- 
moths is a genus the species of 
= which are snow-white or light 
| yellow with the fore wings 
banded with brown. In most 
species the hind wings are un- 
spotted and are snow-white, but in some the hind wings are yellow. 
These moths constitute the genus Hap- 
loa. A species common in the Atlantic 
States and represented by Figure 886 is 
Haploa contigua. The insects of this 
genus vary greatly in their markings. 

The Bella-moth, Utethetsa bélla.— 
This is a whitish moth with lemon-yel- 
low or orange-colored fore wings, cross- 
ed by six transverse white bands. each Fig. 887.— Utetheisa hella, 


Fig. 886. —Haploa contigua. 
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containing a series of black dots (Fig. 887); the hind wings are pink, 
with a black outer margin, which is bordered within by a narrow white 
line. The species occurs in the Atlantic States and west to Texas. 

The harlequin milk- 
weed caterpillar, Euche- 
tras égle-——This larva is 
the most common cater- 
pillar found on milkweed. 
It is clothed with tufts of 
orange, black, and white; 
those at each end of the 
body are longer than the 
others and are arranged 
radiately (Fig. 888). 
When full grown the lar- 
va makes a felt-like co- 
coon composed largely of 
its hairs. The adult has 
mouse-gray wings; the 
abdomen is yellow, with 
a row of black spots ¥ : 
along the middle of the Fig. 888.—Euchetias egle, larva. 
back. 

The genus Apantésis.—A very large number of species of tiger- 
moths belong to the genus Apantesis. These are perhaps the most 
striking in appearance of all 
members of the family, The 
fore wings are velvety black 
marked with yellowish or 
pink bands; in some species 
the lighter color predomin- 
ates, so that the fore wings 
appear to be yellow or pink, 
spotted with black. The 
hind wings are red, pink, or 
yellow, and are margined 

Fig. 889,—A pantesis virgo. or spotted with black. The 

thorax is usually marked 

with three black stripes, of which the lateral ones are borne by the 

patagia and tegule. There is also a blackline or a row of black spots 

along the middle of the back of the abdomen, and a similar TOW of 

spots on each side. Our most common species of this genus is wrgo 

(Fig. 889). The larva of this species feeds on pigweed and other un- 
cultivated plants, and winters in the larval state. 

The salt-marsh caterpillar, Estigméne acrea.—The popular name 
of this insect was given to it by Harris, nearly a century ago, and 
was suggested by the fact that the salt-marsh meadows near Boston, 
where is now the Back Bay quarter of the city, were overrun and 
laid waste in his time by swarms of the larve. But the name is 
misleading, as the species is widely distributed throughout the 
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United States, and infests a great variety of grasses and garden 
crops. The moth (Fig. 890) is white, marked with yellow and black. 
There are many black dots on 
the wings, a row of black spots 
on the back of the abdomen, an- 
other row on the venter, and two 
rows on each side. The sexes 
differ greatly in the ground-color 
of the wings; in the female, this 
: is white throughout; in the male, 
Fig. 890.—Estigmene acrea. only the upper surface of the fore 

wings is white, the lower surface 
of the fore wings and the hind wings above and below being yellow. 
The number and size of the black spots on the wings vary greatly. 
There are usually more submarginal spots on the hind wings than 
represented in our figure. 

The fall webworms, Hyphdntria cinea and Hyphdantria téxtor.— 
A very common sight in autumn in the North and in midsummer in 
the South is large ugly webs enclosing branches of fruit or forest trees. 
These webs are especially common on apple and on ash; but the 
insects that make them infest more than one hundred kinds of trees. 
These webs differ from those made by the apple-tree tent-caterpillar 
in being much lighter in texture and in being extended over all of 
the leaves fed upon by the colony; and they are also made later in 
the year. Each web is the residence of a colony of larvee which have 
hatched from a cluster of eggs laid on a leaf by the parent moth. 

It is a disputed point whether there are one or two species of fall 
webworms. In the North the adults are all snow-white in color and 
there is only a single generation annually. This form is the Hyphan- 
tria textor of those who believe that there are two species. 

In the South, some of the moths have the fore wings thickly 
studded with dark brown points, some are pure white, and every 
gradation exists between these two types. Of this southern form 
there are two generations annually. This form is knownas Hyphantria 
cunea; which name should be applied to both the northern and 
southern forms if they prove to be specifically identical, cunea being 
the older specific name. 

Both forms winter in the_ pupa state. 

The Isabella tiger-moth, Jsia ztsabélla.—‘‘Hurrying along like a 
caterpillar in the fall” is a common saying among country people in 
New England, and probably had its 
origin in observations made upon 
the larva of the Isabella tiger-moth. 
This is the evenly clipped, furry 
caterpillar reddish brown in the mid- 
dle and black at either end, which is a 
seen so commonly in the autumn ig. 891.—Ista isabella, larva. 
and early spring (Fig. 891). The 
extent of the black color varies in different individuals; rarely, es- 
pecially on the West Coast the body is all brown. In the spring after 
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feeding for a time the larva makes a blackish-brown cocoon composed 
largely of its hair. The adult is of a dull grayish tawny-yellow, with 
a few black dots on the wings, and frequently with the hinder pair 
tinged with orange-red. On the middle of the back of the abdomen 
there is a row of about six black dots, and on each side of the body a 
similar row of dots. 

The yellow-bear, Diacrisia virginica.—The larva of this species is 
one of the most common hairy caterpillars found feeding on herba- 
ceous plants. It was named by Harris the yellow-bear on account of 
the long yellow hairs with which the body is clothed. These hairs 
are uneven in length, some scattered ones being twice as long as the 
greater number of hairs. The long hairs are more numerous near the 
caudal end than elsewhere, but are nowhere gathered into pencils as 
with the tussock-caterpillars. This larva varies greatly in color. 
The body is most often of a pale yellow or straw color, with a black, 
more or less interrupted, longitudinal line along each side, and a 
more or less distinct transverse line of the same color between each 
of the segments. Sometimes the hairs are foxy red or light brown, 
and the body brownish or even dark brown. The head and the ends 
of the feet and forelegs are yellowish, and the venter is dusky. The 
larva feeds on almost any plant. The 
cocoon is light, and is composed almost 
entirely of the hairs of the caterpillar. 
This insect passes the winter in the 
pupa state; and it is probable that 
there are usually two or more broods 
each year; but these are not well 
marked. The moth (Fig. 892) is snowy 
white, with the wings marked by a few 
black dots; these vary in number, but 
there are rarely more than three on either wing. There is a row of 


Fig. 892.—Diacrisia virginica. 


Fig. 893.—Halisidota carye, larva. 


black spots on the back of the abdomen, and another on each side, 
and between these a longitudinal deep yellow stripe. 
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The hickory tiger-moth, Halisidota carye.—One of the most abun- 
dant of caterpillars in the Atlantic States and westward during the 
months of August and September is one clothed with dense tufts of 
finely barbed white hairs. (Fig. 893); there is a ridge or crest of black 
hairs on the middle of the back of the abdominal segments, a few 
long white hairs projecting over the 
head from the thorax, and others pro- 
jecting back from the last segment; 
there are also two pairs of pencils of 
black hairs, one on the first and one on 
the seventh abdominal segment, and a 
similar pair of pencils of white hairs on 
the eighth abdominal segment. This 
larva feeds on hickory, butternut, and 
other forest-trees. Its grayish cocoons, 
composed almost entirely of the hair of the larva, are often found 
under stones, fences, and other similar places. The fore wings of the 
adult (Fig. 894) are dark brown spotted with white. 


Fig. 894.—Halisidota carye. 


SuBFAMILY LITHOSIINA® 
The Footman-M oths 


The Lithosiinee include small moths with rather slender bodies, 
filiform antenne, and usually narrow front wings and broad hind 
wings. Asa rule they are closely scaled insects of sombre colors, 
a fact that has won for them the title of footman-moths; but in case 
of some of the species their livery is very gay. Some species fly by 
day, while others are attracted to lights at night. 

The Lithosiinee differ from the preceding subfamily and agree 
with the following one in lacking ocelli. They differ from the following 
subfamily in having the fore wings smoothly scaled. The venation 
of the wings differs greatly in the different genera. In some genera 
veins Mz, and M; of the fore wings are wanting. 

The larve are cylindrical and covered with short, stiff hairs. The 
majority of the species whose transformations are known feed upon 
lichens. They transform th very delicate cocoons or have naked pupe. 

This subfamily includes about fifty North American species, of 
which the following are some of: the 
more common ones. 

The striped footman, Hypoprépia 
miniata.—This beautiful moth is of a 
deep scarlet color, with three broad 
lead colored stripes on the front wings. 
Two of the stripes extend the entire ra 
length of the wings; while the third is Fig. 895.—H ypoprepia miniata. 
between these and extends from the 
end of the discal cell to the outer margin (Fig. 895). The outer half 
of the hind wings is also slate-colored. Vein Mg of the fore wings is 
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present; but Vein Me of the hind wings is wanting. The larva feeds 
upon lichens, and may be found under loose stones or on the trunks of 
trees. It is dusky, and thinly covered with stiff, sharp, and barbed 
black bristles, which grow singly from small warts. The cocoon is 
thin and silky. 

The painted footman, Hypoprépia fucdsa.—This species is very 
similar to the preceding one and has been confounded with it. With 
the painted footman the ground-color of the fore wings is partly 
yellow and partly pink. 

The clothed-in-white footman, Cleménsia albata.—The specific 
name of this insect is somewhat misleading; for although the general 
color of the moth is white, there are so many ashen and gray scales, 
and dark spots, that the general effect is gray. On the front wings 
the more prominent black spots are six or seven on the costa, one on 
the discal vein, and a row of small ones on the outer margin. The 
hind wings are white, but finely dusted with gray scales. With this 
species Vein Me is present in both fore and hind wings. 

The banded footman, I/lice unifasciata.—This little beauty (Fig. 
896) occurs in the Atlantic Statesfrom New Yorkto Texas. Thefore 
wings are lead-colored, and crossed by a yellow band, 
which extends also along the inner margin to the 
base of the wings. The hind wings are pink except 
the apex, which is lead-colored. There is much varia- 
tion in the width of the yellow band. Fig. 896.—Illice 

_ There are several closely allied species which are “"*/@Sctata. 
difficult to distinguish from this one. 

The pale footman, Crambidia pdllida.—This moth is of a uniform 
drab color with the abdomen and the inner part of the hind wings 
paler; it expands 22mm. The moths of the genus Crambidia canbe 
recognized by the fact that veins M2 and M; of the fore wings are 
both wanting, leaving cubitus only two-branched. 

The two-colored footman, Tigrioides bicolor.—This is larger than 
the preceding species, expanding from 25 to 37mm. Itisslate-colored, 
with the palpi, the prothorax, the costa of the fore wings and the tip 
of the abdomen yellow. Vein Me of the fore wings is wanting, leaving 
cubitus apparently three-branched. 


SuBFAMILY NOLIN 


The Nolinz are small arctiids in which the ocelli are wanting and 
in which there are tufts of raised scales on the fore wings. It is a small 
subfamily including only fifteen North American species. Our most 
common species is the following. 

Célama triquetrana.—This is a gray moth with a wing-expanse of 
17 to 20mm. On the fore wings there is a short black or dark brown 
stripe at the base of the costa, and beyond this two spots of the 
same color, the outer one is near the middle of the length of the costa. 
The larva infests the foliage of apple, but not in sufficient numbers 
to be a pest. 
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Famity EUCHROMIID 


The family Syntomide of various lists. 


These moths are most easily distinguished from the allied families 
that are represented in this country by the structure of the hind 
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Fig. 897.—Wings of Ctenucha virginica. 


wings (Fig. 897); in these 
the subcosta is apparently 
absent except at the base of 
the wing, where it is sepa- 
rate from radius for a short 
distance. Occasionally 
forms are found in which 
the tip of subcosta is sepa- 
rated from radius. In some 
of the more specialized 
forms, the hind wings are 
greatly reduced in size and 
the venation is reduced. 
Among the better- 
known representatives of 
this family are a small num- 
ber of bluish-black or brown 
moths which have more or 
less vermilion or yellow on 
the head, prothorax, and 
patagia. These moths are 
of medium size, expanding 
from 30to 50mm. Thedull 
color of the wings is usually 


relieved by the bright color of the head and patagia; and by a layer 
of blue scales covering the thorax and abdomen; but in some species 
these are wanting. The larve feed on grasses. Some of them strongly 


Fig. 898.—Ctenucha virginica. 


Fig. 899.—Scepsis fulvicollis. 


resemble those of the Arctiidze in appearanceas well asin habits, being 
thickly clothed with hair; they also spin cocoons similar to those of 
arctiids. Our common forms of this group represent two genera, 
Ctenucha and Scepsis. In the East we have only a single species of 
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each of these genera, Ctenticha virginica, which is represented by 
Figure 898, and Scépsis fulvicéllis, represented by Figure 899. The 
larve of both of these species feed on grasses. 

Closely allied to these is another species, 
which is common in the East, Lycomérpha 
phélus. ‘This is black with the basal half of 
the fore ie and the basal third of the hind 2 
wings yellow (Fig. 900). A variety of this . ad 
species occurs in California and other parts eo CCA 
of the West in which the lighter parts of the 
wings are pinkish instead of yellow. These moths occur in stony 
places, where the larvee feed on lichens growing on rocks. 

In the extreme southern part of this 
country and in the regions south of that, 
there occur highly specialized members 
of this family, in which the hind wings are 
greatly reduced in size, and the veins of 
the hind wings coalesce to a remarkable 
degree. In some of these forms the discal 
portion of the wings bears but few if any 
scales. Cosmosoma myrodora from Flori- 
da (Fig. 901) will serve as an example of 
these. In this species the body and legs are bright red, with the head 
end of abdomen, and a dorsal band blue-black; the veins and borders, 
of the wings are also black. 


Fig. 901.—Cosmosoma myro- 
dora. 


Famity EUPTEROTIDAt 


This family is represented in North America by a single genus, 
Apatelodes, of which only three species occur in our fauna. These 
moths bear a striking resemblance to the Notodontide, but differ in 
lacking maxilla. The moths usually have hyaline dots on the fore 
wings near the apex. The venation of the wings is very similar 
to that of the Notodontide. Vein Cu of the hind wings isapparently 
three-branched, and in our species the frenulum is normal. The egg 
is flat, wafer-like, unlike that of the Notodontidée which is spherical 
with the micropyle at the top. The larve are cylindrical and are 
covered with numerous secondary sete, some short, others much 
longer; there are no fleshy protuberances or verruce present. The 
mediodorsal setze are usually grouped into a distinct tuft on each 
segment, sometimes forming long pencils. The pupa state is passed 
in the ground. Our two best-known species are the following. 

A patelédes torrefticta.—The moth is soft velvety ashen. The fore 
wings are falcate and are crossed by four wavy, brown lines; there is 
a hyaline dot near the apex, margined externally with reddish brown; 
there is a double reddish brown spot near the base of the inner margin. 
The wings expand from 45 to 50mm. 

The larva is a yellowish or whitish, long-haired caterpillar, about 
so mm. long. There are conspicuous pencils of dark hairs on the 
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dorsimeson of the last two thoracic segments and the eighth abdominal 
segment. It occurs in midsummer on various shrubs and trees. 


Apatelédes angélica.—The moth (Fig. 902) is of a pale soft steel- 
gray, with the outer margins of the wings toothed. The fore wings 
are crossed by two bands of a darker shade. The hyaline spot near 
the apex of the wings is usually doubled; and there is no brown spot 
near the base of the inner margin as in A. torrefacta. The wings ex- 
pand from 47 to 50 mm. 


Fig. 902.—A patelodes angelica. (From Packard.) 


The larva (Fig. 902) feeds on ash and on lilac. It is grayish brown: 
the sete of the dorsimeson are comparatively short, but are grouped 
in a small tuft on each body segment; no pencils are present. 


Famity EPIPLEMIDA 


_ This family includes moths in which the body is slender and the 
wings ample. In their general appearance, these moths resemble 
geometrids; but can be distinguished fromthem by the venation of 
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the hind wings in which veins Sc+R; and R, separate near the base 
of the wing and are strongly divergent, resembling in this respect the 
Lacosomide. In the fore wings, vein Cu is apparently three-branched 
and veins Rs; and M; are stalked and are well separated from vein Rg. 
The frenulum is present in our species. The moths rest with the fore 
wings spread and the hind wings separated from them and partly 
rolled about the body. 

Only five North American species of this family have been de- 
scribed, but these represent four genera. Two of these genera, 
Philagraula and Schidax, are each represented by a single species 
found in Florida. 

Callizzia amorata.—This is the best-known of our species; it is 
found both in Canada and the United States. The moth expands 
about 20 mm. It is pearly-ash colored. Both pairs of wings are 
crossed near the middle of their length by two wavy dark lines, which 
are connected by a bar of the same color near the inner margin of the 
fore wings. On the fore wings there is a third similar line near the 
outer margin. The larva feeds on the leaves of Lonicera dioica. The 
pupa state is passed at the surface of the ground. 

Calledapteryx dryoptérata.—This species is found in the Atlantic 
States. The moth is pale ochreous in color, sometimes of a pale 
wood-brown. Both pairs of wings are crossed by two transverse 
dark lines. The wing expanse is 20 mm. The larva feeds on V1- 
burnum nudum. The pupa state is passed between the leaves. 


Famity THYATIRIDA 


The Thyatirids 


The family Thyatiride includes moths of medium size with elon- 
gated wings. The front wings are usually slightly widened at the 
anal angle (Fig. 903), and in our more common species are conspicu- 
ously marked with wavy or zigzag lines. The antennz are filiform 
and more or less velvety or pubescent in the male, and the maxille 
are well developed. ‘The moths fly by day, 
and when at rest fold their wings roof-like 
upon the abdomen. 

The venation of the wings is illustrated 
by Figure 894. The important features to 
be noted are the following: In the front 
wing vein Me arises midway between veins i 
Mi and M;. In the hind wing vein Sc+Ri fig. 903.-Habrosyne scripta. 
and vein R, are closely parallel for a space 
beyond the end of the discal cell and vein Mj, is jointed to vein Rs 
by a comparatively long cross-vein (Fig. 904, c.v.), so that the two 
appear to separate before the end of the discal cell. In the males the 
tip of the frenulum is knobbed. 

The larve are naked, and live upon the leaves of shrubs and trees. 
They often conceal themselves in a case, made by loosely fastening 
together leaves, or by folding a single leaf. 
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Only twelve species are known in our fauna; these represent 
five genera. 

One of the more common species is Habrésyne scripta. This has 

fawn-colored front wings, conspicuously marked with light bands 

and zigzag lines (Fig. 

903). According to 

RB: R, Thaxter, it lays its 

eggs late in July, in 

chains of five or six, 


Sc 
Vig M, on the leaves of rasp- 
M, berry, upon which the 
larvee feed. The ma- 
M; ture larva is rich yel- 
eg Cu low-brown, often al- 
ep aA : most black, with a 
Cita distinct dorsal black 
line. The lateral por- 
dA tions are more yellow 
with blackish mott- 
lings. Whenat rest the 
larva either elevates 
the cephalic and cau- 
dal ends of the body, 
like the notodontids, 
so that the head rests 
upon the caudal seg- 
ments, or conceals it- 
self in a case formed 
by curling down the 
edge. of a leat, It 


IR, 


Sa makes a very slight 
2 q 
cocoon late in August. 
Fig. 904.—Wings of Habrosyne scripta. Another common 


species is Pseudothya- 
tira cymatophoroides. ‘This species is slightly larger than the preceding 
one, expanding nearly 50mm. ‘The front wings are silky gray tinted 
with rose. They are marked with a black spot at the base, a double 
or triple line, forming a black band at the end of the basal third of the 
wing, two black spots on the outer half of the costa, a black spot at 
the anal angle, and a row of black points on the outer margin. There 
is a variety, expiltrix, which lacks the black band and the four black 
spots. The larva of this species has been found on red oak; it is of 
a rich yellow-brown, mottled with fine dark lines, and lives in a case 
made by fastening leaves together; some specimens have several 
cream-white spots. It makes a slight cocoon late in September; the 
adult emerges in June. 


Famity DREPANIDA® 
The Drepanids 


The typical members of this family are small, slender-bodied 
moths, which can be easily recognized by the sickle-shaped apex of 
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the front wings (Fig. 905). An approach to this form of wing is 
represented by some saturnians and by certain geometrids; but the 
former are larger, stout-bodied moths, and both 
differ in wing-venation, cubitus of the fore 
Wings appearing only three-branched with 
them, whereas it appears to be four-branched 
with the drepanids. 

In addition to the more typical members WR? bel Wee 
of this family, which are known as the hook-tip <M 
moths, there occurs in our fauna a single species, Fig. 905.—Drepana ar- 
Eudeilinia herminiata, in which the fore wings —cwata. 
are not falcate (Fig. 906). 


In this family veins Sc+-Ri and vein R, of the hind wings are 
closely parallel or coalesced for a space beyond the end of the discal 
cell, resembling in this respect the Thyatiride. But the Thyatiride 


2d A 24 A 
Fig. 906.—Wings of Eudeilinia herminiata. Fig.907.—Wings of Drepana arcuata. 


are true frenulum-conservers, while the Drepanide exhibit a very 
anomalous condition as regards the preservation or loss of the 
frenulum. 


While the form of the humeral angle of the hind wings in the 
Drepanide is that characteristic of the frenulum-losers, some of these 
moths retain the frenulum and in others it is lost (Fig. 907 and 908). 
When the frenulum is present it is borne at the end of a long costal 
sclerite. 
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The larvee are. remarkable in having the anal prolegs vestigial, 
and the caudal segment prolonged into a more or less lizard-like tail. 
They live upon the foliage 
of shrubs and trees, and 
transform in a web between 
leaves, or in a case in a 
rolled leaf. 

Only six species belong- 
ing to this family occur in 
our fauna. These represent 
three genera; the venation 
of the wings of a species of 
each of these genera is 
figured here. 

Our most common 
hook-tip moth is Drepdna 
arcuata. The typical form 
of this species is of a dirty 
white color marked with 
dark brownish lines and 
bands as shown in Figure 
gos. A summer form of 
this species differs in being 
of a light ochre-yellow color 
and in the course of the 


ED wavy lines on the front 
, ; wings; this was described 
Fig. 908.—Wings of Oreta rosea. as a distinct species under 


the specific name genicula. 
These two forms are found in the Atlantic States. A third form of 
this species occurs in California; this was described under the specific 
name siculifer. 

Our single representative of this family that is not a hook-tipmoth 
is Eudeilinia herminiata. This is a small moth with delicate snow- 
white wings, which expands from 18 to 25 mm. The venation of the 
wings is shown in Figure 906. The larva lives on cornel; the caudal 
prolongation of the body is very short. This species is found in the 
Atlantic States. 


Famity LACOSOMID® 


This family is of special interest on account of the structure of 
the wings of its members. While these moths clearly belong to the 
series of frenulum-losing moths, having the humeral angle of the 
hind wings greatly expanded so that a frenulum is not needed to 
insure the synchronous action of the fore and hind wings, they retain 
a vestige of a frenulum (Fig. 909). This vestige, however, is very 
small and is probably no longer of any use. It was the presence of 
this vestige that first suggested to the writer that those families of the 
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Lepidoptera which he termed Frenulum-losers were descended from 
frenulum-bearing ancestors (Comstock ’93). 


The Lacosomide 
seem to be the sole sur- 
vivors of a very distinct 
line of descent. In many 
respects they appear to 
be closely allied to the 
Bombycidez and to the 
Saturnioidea; but they 
differ markedly both in 
the structure and in the 
habits of the larve; and, 
too, the wings of the 
adult, although at first 
sight resembling those of 
the silk-worm, are really 
quite different. In the 
coalescence of the 
branches of radius of the 
fore wings veins R3 and 
R,g remain widely sepa- 
rate, whilein the Bomby- 
cide and in the Saturni- 
oidea these are the first 
branches to coalesce. 

This is a small New 
World family. Members ; y 
of it are distributed over Fig. 909.— Wings of Cicinnus melsheimert. 

a large part of the West- 

ern Hemisphere; but so far as is now known only three species occur 
in the United States. Two of our species are found in the East; the 
third one, Lacoséma arizénicum, was described from Arizona. 


Melsheimer’s sac-bearer, Cicinnus melsheimert.—The larva feeds 
on the leaves of various species of oak. The habits of the young 
larve have not been described. The older larvee make cases of leaves 
in which they live and which they carry about (Fig. 910). The adult 
moth (Fig. 911) 
is of a reddish 
gray color, finely ~ 
sprinkled all 
over with minute 
black dots; there 
is a small black ' 
Fig. 910.—Case of larva of spot at the end ,, Sar 7 

ene ae ee Pe oeatt Higoage 1.—Cicinnus melshei- 
of the fore wings; 
and both pairs of wings are crossed by a narrow blackish band. 
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Lacoséma chiridota.—Although this is the rarer of our two eastern 
species its complete life-history has been published by Dyar (’oo). 
He found the larvee common on scrub oaks on Long Island. Theeggs 
are laid on the edge of the leaf or on one of its points. The first three 
instars live under a net of silken threads on the upper surface of a leaf. 
At the end of the third stadium the larva begins to make a case; 
but the larva does not leave its net and construct a complete case 
until during the fifth stadium. At the end of the sixth stadium “‘the 
larva spins up one end of the case and hibernates. Pupation in the 
spring. A single brood in the year.’”’ The moth is somewhat smaller 
than the preceding species, and darker yellowish brown in color; the 
outer margins of the fore wings are more scalloped. 


SUPERFAMILY SATURNIOIDEA 
The Saturnians 


The superfamily Saturnioidea includes the largest of our native 
moths; in fact nearly all of our very large moths belong to it, but it 
also includes a considerable number of species of moderate size. 

These moths are most easily distinguished from other moths by 
the structure of their wings. Here, as with the skippers and the butter- 
flies, the frenulum is lost 
and its place is taken by a 
greatly expanded humeral 
angle of the hind wing (Fig. 
912), which, projecting un- 
der the fore wing, insures 
the acting together of the 
two in flight without the aid 
of a frenulum. ‘This losing 
of the frenulum is also char- 
acteristic of the Lasiocam- 
pide and of some members 
of the Drepanide; but the 
saturnians differ from these 
moths in that vein Me arises 
midway between radius and 
cubitus or is more closely 
united to radius than to cu- 
bitus, leaving the latter ap- 
parently three-branched 
while in the Lasiocampidee 
and in the Drepanidz cubi- 
tus appears to be four- 
branched. In the Lacoso- Fig. 912.—Wings of Citheronia regalis. 
midze and in the Bombyci- 
de the humeral angle of the hing wings is greatly expanded, but in 
each of these families a vestige of a frenulum is retained. 
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Yn the Saturnioidea the branches of radius of the fore wings are 
crowded closely together and at least one of them is lost. In all of 
our species the antenne are naked or bear very few scattered scales. 

This superfamily includes two families, the North American forms 
of which can be separated as follows. 


fore and hind wings. Antenne of males pectinated to the apex. p. 719... 
Beat re ut Niy cs aie. Scheels, « naelie) Ors cul Merge RT ne ices. < 5, <A TUR NILDZE 


Famity CITHERONIIDA 
The Royal-M oths 


The royal-moths are stout-bodied and hairy, with sunken heads 
and strong wings. The species are of medium or large size, some of 
them being nearly as large as the 
largest of our moths. There are two 
anal veins in the hind wings; vein 
M;, of the fore wings separates from 
radius beyond the apex of the discal 
cell (Fig. 912 and 913); veins My 
and Mg of the hind wings are joined 
to radius by vein r-m. The anten- 
ne of the males are broadly pecti- 
nated, but for only little more than 
half their length. The palpi and 
the maxilla are very small. 

The larve are armed with horns 
or spines, of which those on the 
second thoracic segment, and some- 
times also those on the third, are 
long and curved. These caterpillars 
eat the leaves of forest-trees, and go 
into the ground to transform, which 
they do without making cocoons. 
The rings of the pupa bear little 
notched ridges, the teeth of which, pig, 913.—Wings of Anisota virgin- 
together with some strong prickles — zensis. 
at the hinder end of the body, assist 
it in forcing its way upwards out of the earth. A monograph of this 
family including many colored figures of moths and larve was 
published by Packard (’o5). 

This is a small family; it is not represented in Europe, and less 
than twenty species are known to occur in this country. The more 
common ones are the following. 
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Fig. 914.—Citheronia regalis. 
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The regal-moth, Citherdnia regalis.—This is the largest and most 
magnificent of the royal-moths (Fig. 914). The fore wings are olive- 
colored, spotted with yellow, and with the veins heavily bordered 
with red scales. The hind wings are orange-red, spotted with yellow, 
and with a more or less distinctly marked olive band outside the 
middle. The wings expand from roo to 150 mm. 

When fully grown the larva measures from too to 125 mm. in 
length. It is our largest caterpillar, and can be readily recognized 
by the very long spiny horns with which it is armed. Those of the 
mesothorax and metathorax are;much longer than the others. Of 
these there are four on each segment; the intermediate ones measure 
about 15mm.inlength This larva feeds on various trees and shrubs. 
It is known in some regions as the hickory horned devil. 

The imperial-moth, Basilona imperialis——This moth rivals the 
preceding species in size, expanding from 100 to 137 mm. It is sul- 
phur-yellow, banded and speckled with purplish brown. The full 
grown larva (Fig. 915) measures from 75 to roo mm. in length. It is 
thinly clothed wth long hairs, and bears prominent spiny horns on 
the second and third thoracic segments. In the early larval stages 


Fig. 915.—Basilona imperialis, larva. 


these thoracic horns are very long and spiny, resembling those of the 
larva of the regal-moth. The larva feeds on hickory, pine, oak, butter- 
nut, and other forest-trees. 
The two-colored royal-moth, Adelocéphala bicolor.—In this species 
the upper side of the fore wings and the under side of the hind wings 
are yellowish brown, speckled with black. The under side of the 
fore wings and the upper side of the hind wings are to a considerable 
extent pink. There is usually a dark discal spot on the fore wings, 
upon which, especially in the males, there may be two white dots. 
This species is more common in the Southern States than in the 
North. The expanse of wings in the male is 50 mm.; in the female, 
6omm. The larva feeds on the leaves of the honey-locust and of the 
Kentucky coffee-tree. ay 
Anisota.—The genus Anisota contains four species of moths found 
in the Northeastern United States. These moths are dark yellow, 
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purplish red, or brownish in color, and agree in having the fore wings 
marked with a white discal dot. The larvefeed onthe leaves of oak; 
they are more or less striped and are armed with spines. These in- 
sects hibernate as pupe. 

In determining these moths, the student should remember that 
the two sexes of the same species may differ more in appearance 
than do individuals of different species but of the same sex. The 
sexes can be distinguished, as already indicated, by the antennz. 
The three species can be separated as follows. 

The rosy-striped oak-worm, Anisédta virginiénsis.—The wings of 
the female are purplish red, blended with ochre-yellow; they are 
very thinly scaled, and consequent- 
ly almost transparent; and are not 
speckled with small dark spots 
(Fig. 916). The wings of the male 
are purplish brown, with a large 
transparent space on the middle 
(Fig. 917). The larva is of an ob- 
scure gray or greenish color, with 
dull brownish yellow or rosy stripes, 
and with its skin rough with small 
white warts. There is a row of short 
spines on each segment, and two 
long spines on the mesothorax. 

The orange-striped oak-worm, Anzsdta senatoria.—The wings of 
the female are more thickly scaled than in the preceding species and 
are sprinkled with numerous blackish dots; 
in other respects the two are quite similar in 
coloring. The male differs from that of A. 
virginiénsis in lacking the large transparent 
space on the middle of the wings. The larva 
is black, with four orange-yellow stripes on 
the back and two along each side; its spines 
are similar to those of the preceding species. 

The spiny oak-worm, Aniséta stigma.— 
The female closely resembles that of A. 
senatoria; and as both species are variable 
itis sometimes difficult to determine to which 
a given specimen belongs. In A. stigma the 
wings are rather darker and have a greater number of blackish spots, 
and the hind wings are furnished with a middle band which is heavier 
and more distinct than in A.senatoria. The male differs from that of 
the other two species in quite closely resembling the female in color- 
ing, and in having the wings speckled. The larva differs from the 
other species of Anisota in having long spines on the dorsal aspect 
of the third thoracic and each abdominal segment in addition to the 
much longer spines on the mesothorax. It is of a bright tawny or 
orange color, with a dusky stripe along its back and dusky bands 
along its sides. 


Fig. 916.—Anisota virginiensis, fe- 
male. 


Fig. 917.—Anisota virgin- 
tensis, male. 
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The rosy Anisota, Anisota rubictinda.—The wings of this moth 
(Fig. 918) are pale yellow, banded with rose-color. The distribution 
of the color varies greatly in 
different specimens. In some 
the pink of the fore wings pre- 
dominates, the yellow being re- 
duced to a broad discal band, 
while in one variety the ground- 
color is yellowish white and the 
pink is reduced to a shade at the 
the base and a narrow stripe out- 
side the middle. The hind wings 
may be entirely yellow, or may 
have a pink band outside the 
middle. The expanse of wings 
in the male is 35 to 43 mm. in the female 50 mm. or more. 

The larva of this species is known as the green-striped maple- 
worm, and is sometimes a serious pest on soft-maple shade-trees. 
It measures when full grown about 37 mm. It is pale yellowish 
green, striped above with eight very light, yellowish green lines, 
alternating with seven of a darker green, inclining to black. There 
are two prominent horns on the second thoracic segment, and two 
rows of spines on each side of the body, one above and one below the 
spiracles. And on the eighth and ninth abominal segments there are 
four prominent dorsal spines. The species is one- or two-brooded, 
and winters in the pupa state. 


Fig. 918.—Anisota rubicunda, 


Famity SATURNIIDA 
The Giant Silk-W orms 


The large size of members of this family and the ease with which 
cocoons of some of the species can be collected render them well 
known to every beginner in the study of entomology. They are 
stout-bodied, hairy mothswith more or less sunken heads and strong 
wide wings. The palpi are small, and the maxillz but little developed, 
often vestigial. The sexes of these moths can be ditinguished by the 
fact that the antenne of the males are more broadly pectinated than 
are those of the females. 

The family includes our largest lepidopterous insects and all of 
our species are above medium size. They can be distinguished from 
the Citheroniidze, some of which rival them in size, by the form of the 
antennz of the males, which are pectinated to the apex; and in all of 
our genera, except Coloradia, which is found in the Rocky Mountains, 
vein M, of both fore and hind wings is joined to radius by the cross- 
vein r-m (Fig. 919). . 

The wings are often furnished with transparent, window-like spots. 
The frenulum is completely lost. The humeral angle of the hind 
wings is largely developed, and is usually strengthened by a deep 
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Fig. 919.—Wings of Sama cecropia 


leuca maia, enter the ground to transform. 


furrow, the bottom of 
which is sometimes 
thickened so as to ap- 
pear like a humeral 
vein (Fig. 919). 

The larvee of most 
of our species live ex- 
posed on the leaves of 
trees and shrubs; but 
some of them, as the 
New Mexico range- 
caterpillar, feed on 
grass. They are more 
or less armed with 
tubercles and spines 
and are very conspicu- 
ous on account of 
their large size. Most 
of them transform 
within silken cocoons, 
which are usually very 
dense, and in some 
cases have been utiliz- 
ed by man. These co- 
coons are often at- 
tached to trees and 
shrubs, and are some- 
times inclosed in a 
leaf. They can be 
easily collected during 
the winter months, 
and the adults bred 
from them. The lar- 
vee of some members 
of the family, as Hemi- 


The family Saturniide as now recognized includes what were 


formerly regarded as two distinct 
families, the Hemileucide and 
the Saturniide. Our latest list 
includes only 34 species, of which 
the following are the better 
known. 

The Maia-moth, Hemileuca 
mata.—The genus Hemileuca is 
represented in our fauna by elev- 
en species, but only one of these is 
found in the East. In this species 
(Fig. 920) the wings are thinly 


Fig. 920.—Hemileuca mata, 
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scaled, sometimes semi-transparent; they are black with a common 
white band near their middle; and the discal veins are usually white 
and broadly bordered with black. There are great variations in the 
width of the white band on the wings. The larva feeds on the leaves 
of oak; it is brownish black, with a lateral yellow stripe; and is armed 
on each segment with large, branching, venomous spines. The larva 
almost always enters the ground to transform. 

The New Mexico range-caterpillar, Hemileuca olivie.—Of the ten 
western species of Hemileuca this is doubtless of the greatest economic 
importance. It is a grass-feeding species, which has been very de- 
structive in certain sections of the cattle-range in northeastern New 
Mexico. It was estimated that in 1909 the total infested area was 
at least 15,000 square miles, and that there were an average of 10 
caterpillars to the square rod over this region. Fora full account see 
U.S. Dept. Agr. Bull. No. 85, Part V. 


Fig, 921.—Pseudohazts hera. 


Pseudohazis.—In the West there occur two species of Pseudohazts. 
These are P. hera in which the ground-color of the wings is white 
(Fig. 921), and P. eglanterina, in which the ground-color is buff or 
salmon. Both species are spotted and striped with black as shown 
in the figure. ' | 

Coloradia pandéra.—This is a brownish gray species found in the 
Rocky Mountains. The wings are only moderately broad, and each 
is marked with a small black spot at the end of the discal cell. The hind 
wings are semi-transparent. The expanse of the wings is from 75 to 
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roomm. This genus is easily recognized by the fact that vein M; 
of both fore and hind wings is coalesced at its base with radius. 


The larve live in the tops of pines and are abundant in alternate 
years; they are 
dried and eaten 
by Indians. 

The Io-moth, 
Automeris 10.— 
This is a com- 
mon species in 
the East. The 
female is repre- 
sented by Figure 
922. In this sex 
the ground-color 
of the fore wings 
‘s purplish red. 
The male differs 
greatly in ap- 
pearance from the female, being somewhat smaller and of a deeper 
yellow color, but it can be easily recognized by its general resemblance 
to the female in other respects. 


The larva is one that the student should learn to recognize in order 
that he may avoid handling it; for it is armed with spines the prick of 
which is venomous (Fig. 923) 
The same is true of the larva 
of the Maia-moth, but that is 
much lesscommon. The larva 
of the Io-moth is green, with a 
broad brown or reddish stripe, 
edged below with white, on 
each side of the abdomen. The Fig. 923.—A utomeris 10, larva. 
spines are tipped with black. 

This larva feeds on various trees and shrubs. 

The polyphemus-moth, Télea polyphémus.—This is a yellowish or 
brownish moth with a window-like spot in each wing. There is a 
gray band on the costal margin of the fore wings; and near the outer 
margin of both pairs of wings there is a dusky band, edged without 
with pink; the fore wings are crossed by a broken dusky or reddish 
line near the base, edged within with white or pink. The transparent 
spot on each wing is divided by the discal vein, and encircled by yellow 
and black rings. On the hind wings the black surrounding the trans- 
parent spot is much widened, especially toward the base of the wing, 
and is sprinkled with blue scales. The wings expand from 125 to 
150 mm. 

The larva (Fig. 924) feeds on oak, butternut, basswood, elm, 
maple, apple, plum and other trees. When full grown it measures 
75mm. or more in length. It is of a light green color with an oblique 
yellow line on each side of each abdominal segment except the first 


Fig. 922.—Automerts 10. 
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and last; the last segment is bordered by a purplish-brown V-shaped 
mark. The tubercles on the body are small, of an orange color with 
metallic reflections. The cocoon (Fig. 925) is dense and usually en- 
closed in a leaf; it can be utilized for the manufacture of silk. When 


the adult is ready to emerge, it secretes a fluid which softens the 
cocoon at one end, and breaking the threads by means of a pair of 
stout spines, one on each side of the thorax at the base of the fore 


wings, it makes its exit through 
a large round hole. 

The Luna-moth, Tropea 
luna.—This magnificent moth 
(Fig. 926) is a great favorite 
with amateur collectors. Its 
wings are of a delicate light 
green color, with a purple- 
brown band on the costa of 
the fore wings; there is an eye- 
like spot with a transparent 
center on the discal vein of 
each wing; and the anal angle 


Fig. 925.—Cocoon of Telea polyphemus. 


of the hind wings is greatly prolonged. The larva feeds on the leaves 
of walnut, hickory, and other forest-trees. It measures when full 
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Fig. 927.—Callosamia promethea, femate. 
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grown about 75 mm. in length. It is pale bluish green with a pearl- 
colored head. It has a pale yellow stripe along each side of the body, 
and a transverse yellow line on the back between each two abdominal 
segments. The cocoon resembles that of the preceding species in form, 
but is very thin, containing but little silk. 


The Promethea-moth, Callosimia prométhea.—This is the most 
common of the giant silk-worms. The wings of the female (Fig. 927) 
are light reddish brown; the transverse line crossing the middle of 
the wings is whitish, bordered within with black; the outer margin of 
the wings is clay-colored, and each wing bears an angular discal spot. 
The discal spots vary in size and distinctness in different specimens. 
The male differs so greatly from the 
female that it is liable to be mistaken 
for a distinct species. It is blackish, 
with the transverse lines very faint, 
and with the discal spots wanting or 
very faintly indicated. The fore wings 
also differ markedly in shape from 
those of the female, the apex being 
much more distinctly sickle shaped. 
Themales fly by day. Thelarva when 
Tull grown measures 50 mm. or more 
in length. It is of a clear pale bluish- 
green color; the legs and anal shield 
are yellowish; and the body is armed 
with longitudinal rows of tubercles. 
The tubercles are black, polished, 
wart-like* elevations, excepting two 
each on the second and third thoracic 
segments, which are larger and rich 
coral-red, and one similar in size to 
these but of a yellow color on the 
eighth abdominal segment. This lar- 
va feeds on the leaves of a large pro- 
portion of our common fruit and forest 
trees; but we have found it more fre- 
quently on wild cherry, lilac, tulip- 
tree, and ash than on others. The co- 
coons can be easily collected during 
the winter from these trees. This is 
the best way to obtain fresh specimens 
of the moths, which will emerge from 
the cocoons in the spring or early 
summer. ‘The cocoon (Fig. 928) is 
interesting in structure. Itis greatly pig g28.—Callosamia promethea, 
elongated and is enclosed in a leaf, cocoon. 
the petiole of which is securely fas- 
tened to the branch by a band of silk extending from the cocoon; 
thus the leaf and enclosed cocoon hang upon the tree throughout the 
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winter. At the upper end of the cocoon there is a conical valve-like 
arrangement which allows the adult to emerge without the necessity 
of making a hole through the cocoon. This structure is characteristic 
of the cocoons of the moths of this and the following genus. See 
Figure 211, page 189. 

The angulifera-moth, Callosamia angulifera.—This is a somewhat 
rare insect which closely resembles the Promethea-moth. Specimens 
of it are usually a little larger than those of C. promethea, and the trans- 
verse line and discal spots are more angular. The most important 
differences, however, are presented by the male, which quite closely 
resembles the female of the Promethea-moth in color and markings, 
and thus differs decidedly from the male of that species. The male 
of this species is nocturnal, differing in this respect from C. promethea. 

The larva feeds on the leaves of the tulip-tree and of Magnolia. 
It make its cocoon within a leaf or it crawls down the trunk of the 
tree and spins its cocoon in the grass or fastens it to some object on 
the ground. The cocoon usually has no stem and when made in a 
leaf falls to the ground in it when the leaf falls. 

The Cecropia-moth, Samia cecropia.—This is the largest of our 
giant silk-worms, the wings of the adult expanding from 125 to 160 
mm. The ground color of the wings is a grizzled dusky brown, es- 
pecially on the central area. The wings are crossed beyond the 
middle by a white band, which is broadly margined without with red, 
and there is a red spot near the apex of the fore wing just outside of a 
zigzag line. Each wing bears near its center a crescent-shaped white 
spot bordered with red. The outer margin of the wings is clay-colored. 
The larva is known to feed on at least fifty species of plants, including 
apple, plum,and the more common forest trees. When full grown it 
measures from 75 mm. to 100 mm. in length and is dull bluish green 
in color. The body is armed with six rows of tubercles, extending 
nearly its entire length, and there is an additional short row on each 
side of the ventral aspect of the first five segments following the head. 
The tubercles on the second and third thoracic segments are larger 
than the others, and are coral-red. The other dorsal tubercles are 
yellow, excepting those of the first thoracic and last abdominal seg- 
ments, which with the lateral tubercles are blue; all are armed with 
black bristles. The pupa is represented by Figure 929 and the cocoon 
by Figure 930. 

The Cecropia-moth occurs from 
the Atlantic Coast to the Rocky Moun- 
tains. In the North Atlantic States 
there is another species which resembles 
it in general appearance but is much 
smaller, expanding from 75 to 100 mm. 
andismuch less common; thisis Samia 
columbia. In the Far West the place 
of the Cecropia-moth is taken by two 
very closely allied species. In these the ground-color of the wings is 
usually reddish or dusky brown. Samia gloveri is found in the Rocky 


Fig. 929.—Samia cecropia, pupa. 
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Mountain region and in Arizona; and Samia rubra in the Pacific 
States. In Samia rubra the crescent-shaped white spot near the 
center of the hind wings is more elongate and pointed than in the 
other species. 

The Ailanthus-worm, Philosamia Walkeri.—This is an Asiatic 
species which has been introduced into this country. It has become 


Fig. 930,— Sama cecropia, cocoon. 
we 


a pest in the vicinity of New York City, where it infests the Ailanthus 
shade trees. The moth differs from all our native species of this 
family in having rows of tufts of white hairs on the abdomen. Its 
cocoon resembles that of the Promethea-moth. The specific identity 
of this species is in doubt. 


Famity BOMBYCIDA 
The Silk-Worm 


The family Bombycide is not represented in our fauna; but a 
single species, the silk-worm, is frequently bred in this country, and 
is usually present in collections of Lepidoptera. 

The silk-worm, Bombyx mori.—The moth (Fig. 931) is of acream- 
color with two or three more or 
less distinct brownish lines across 
the fore wings and sometimes a 
faint double bar at the end of 
the discal cell. The head is small; 
the antenne are pectinated 
broadly in both sexes; and the 
ocelli, palpi, and maxilla are 
wanting. A striking feature of 
the venation of the wings (Fig. 
932) is the obvious presence of 
the base of vein R; in the hind 54 
wings. Fig. 931.—Bombyx mori. 

The usual food of the silk- 
worms is the leaf of the mulberry. Our native species, however, are 
not suitable. The species that are most used are the white mulberry 
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(Morus alba), of which there are several varieties, and the black 
mulberry (Morus nigra); the former is the better. The leaves of 
osage orange (Maclura 
aurantiaca) have also 
been used as silk-worm 
food to a considerable 
extent. In case silk- 
worms hatch in the. 
spring before either 
mulberry or osage- 
orange leaves can be 
obtained, they may be 
quite successfully fed, 
for a few days, upon 
lettuce-leaves. 

The newly-hatched 
larva is black or dark- 
gray, and is covered 
with long stiff hairs, 
which spring from pale- 
colored tubercles. The 
hairs and tubercles are 
not noticeable after 
the first molt, and the 
worm becomes lighter 
and lighter, until in 
the last larval period 
it is of a cream-white 
color. There is a 
prominent tubercle on 
the back of the eighth 
abdominal segment, 

24.A resembling those 
Fig. 932.—Wings of Bombyx mort. borne by certain lar- 
vee of the Sphingide. 

There-are many special treatises on this insect, some of which 
should be consulted by any one intending to raise silk-worms. 


Famity LASIOCAMPIDAi 
The Lasiocampids 


The best-known representatives of this family are the tent-cater- 
pillars and the lappet-caterpillars. The adults are stout-bodied, hairy 
moths of medium size. The antenne are pectinated in both sexes, 
and from one-fourth to one-half as long as the front wings; the teeth 
of the antennz of the male are usually much longer than those of the 
female. The ocelli and the maxilla are wanting; and the palpi are us- 
ually short and woolly. But the most distinct characteristic is found 
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in the wings. The frenulum is wanting, there being instead, as in 
the Saturnioidea, a largely expanded humeral angle of the hind wings. 
But these moths differ from 
the Saturnioidea in having 
cubitus apparently four- 
branched and in having the 
humeral angle of the hind 
wings strengthened by the de- 
velopment of some extra veins, 
aaa veins (Fig. 933 
ts Di). 

The larve of the Lasio- 
campide feed upon the foliage 
of trees, and are frequently 
very destructive. 

The family is a small one, 
less than thirty North Ameri- 
can species are known; but 
these represent eleven genera. 
Our more common species 
represent three genera: Mala- 
cosoma, which includes the 
tent-caterpillars, and Tolype 
and Epicnaptera, which in- 
clude the lappet-caterpillars. 

There are several species of 3a 2a A 
tent-caterpillars in this coun- _. : ; 
try. Most of them belong to Fig. 933.—Wings of Malacosma americana. 
the Pacific coast; but two are 
common in the East. Of these the most common one is the apple- 
tree tent-caterpillar, Malacoséma americana.—This is the insect that 
builds large webs in apple and wild cherry trees in early spring. 
Figure 934 represents its transformations. The moth is dull reddish 
brown, with two transverse whitish or pale yellowish lines on the 
fore wing. The figure represents a male; the female is somewhat 
larger. These moths appear early in the summer. The eggs are soon 
laid, each female laying all her eggs in a single ring-like cluster about 
a twig; and here they remain unhatched for about nine months. 
This cluster is covered with a substance which protects it during the 
winter. The eggs hatch in early spring, at the time or just before 
the leaves appear. The larve that hatch early feed upon the un- 
opened buds till the leaves expand. The larve are social, the entire 
brood that hatch from a cluster of eggs keeping together and building 
a tent in which they live when not feeding. The figure represents a 
specimen in our collection. In this case the tent was begun near the 
cluster of eggs. But usually the larve soon after hatching migrate 
down the branch towards the trunk of the tree until a fork of consider- 
able size is reached before they begin their tent. ‘This is necessary, 
as the completed tent often measures nearly two feet in length. 
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The larve leave the nest daily in order to feed; and spin a silken 
thread wherever they go. The larvee become full grown early in 
June; one of them is represented on a partially-eaten leaf in the 
figure. When ready to transform they leave the trees and make their 
cocoons in some sheltered place. These cocoons are quite peculiar 
in appearance, having a yellowish white powder mixed with the silk. 
The pupa state lasts about three weeks. The easiest way to fight 
this pest is to destroy the webs containing the larvee as soon as they 
appear in the spring. This should be done early in the morning, or 
late in the afternoon, or ona cold day, when the larve are not scattered 
over the tree feeding. 


Fig. 934.—Malacosma americana, eggs, tent, larva, cocoons, and adult. 


Another species of the genus Malacosdma found in the East is the 
so-called forest tent-caterpillar, Malacoséma disstria. The range of 
this species extends throughout the United States and Canada. It 
differs from the preceding species in that the larvee do not construct 
a true tent. It feeds on the leaves of many forest and fruit trees, but 
maple is its favorite food-plant. In other respects its life history is 
quite similar to that of the apple-tree tent-caterpillar. The moth 
differs from M. americana in having the oblique lines on the wings 
dark instead of light; the larva differs in having a row of spotsalong 
the back instead of a continuous narrow line; the egg-masses differ 
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in ending squarely instead of being rounded at each end; and the 
cocoon is more fragile, with less powder, and distinctly double. 

The Great Basin tent-caterpillar, Malacoséma fragilis.—This spe- 
cies is found throughout the northern portions of the Great Basin, 
extending from the Rocky Mountains to the Cascades and Sierra 
Nevadas, and has been found in California. It feeds on Ceanothus 
and many other wild shrubs. 


The California tent-caterpillar, Malacoséma californica, feeds 
normally on oak but also attacks fruit trees. The caterpillars are 
orange-colored and about 25 mm. long. 


Malacosoma constricta.—The larva is somewhat larger than the 
preceding species, and may be readily recognized by the distinct blue 
lines along the sides. It feeds on oaks. 

Malacoséma pluvialis.—This is another Pacific Coast species. The 
larve are buff-colored and usually feed upon alder, but occasionally 
become quite injurious to apple trees. 


The lappet-caterpillars.—The larve of the species of Télype and 
of Epicndptera are remarkable for having on each side of each segment 
a little lappet or flat lobe; from these many long hairs are given out, 
forming a fringe to the body. When at rest the body of the larva is 
flattened, and the fringes on the sides are closely applied to the 
surface of the limb on which the insect is. Thus all appearance of 
an abrupt elevation is obliterated; the colors of these larve are also 
protective, resembling those of the bark. The following are our 
better-known species. 

The Velleda lappet, Télype vélleda.—The body of the moth is 
milk-white, with a large blackish spot on the middle of its back 
(Fig. 935). That part of this spot which 
is on the thorax is composed of erect 
scales, the caudal part of recumbent hairs. § 
The wings are dusky gray, crossed by 
white lines as shown in the figure. The 
figure represents the male; the female is 
much larger. The moths are found in 
August and September. The larva feeds 
upon the leaves of apple, poplar, and 
syringa. Its body is bluish gray, with 
many faint longitudinal lines; and across 
the back of the last thoracic segment there 
is a narrow velvety-black band. The larva reaches maturity during 
July. The cocoon is brownish gray, and is usually attached to one 
of the branches of the tree on which the larva has fed. 

The larch lappet, Télype laricis.—This is a smaller species, the 
females being about the size of the male of the preceding species, and 
the males expanding only about 30 mm. The wings of the females 
are marked much like those of T. velleda, except that the basal two- 
thirds of the front wings are much lighter, and the dark band on the 
outer third is narrower and much darker than the other dark bands. 


Fig. 935.—Tolype velleda. 
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The males are bluish black, with the markings indistinct. The larva 
feeds upon the larch. When mature it is of a dull brown color and 
less than 40 mm. in length. When extended, the front of the first 
thoracic segment is pale green, and the incision between the second 
and third is shining black. The larva matures during July. The 
cocoon is ash-gray, flattened and moulded to the limb to which it is 
attached, and partially surrounding it. The moths appear in August 
or September. The winter is passed in the egg state. 

The American lappet, Epicndptera americana—This species is 
found from the Atlantic to the Pacific. It is somewhat variable, 
and the different varieties were formerly regarded as distinct species. 
The moth (Fig. 936) is reddish brown, with the inner angle of the 
front wings and the costal margin of the hind wings deeply notched. 
Beyond the middle of each wing there is a 
pale band edged with zigzag, dark brown 
lines. The larva lives upon apple, cherry, 
oak, birch, maple and ash. When full grown 
it measures 60 mm. in length and 12 mm. in 
breadth. The upper side is slate-gray, 

Bic) mottled with black, with two transverse 
Fig. 936.—Epicnaptera scarlet bands, one on the second and one on 
americana. the third thoracic segments. There is a 
: black spot on each end and in the middle 
of each of these bands. The larva is found during July and August. 
It is said that the cocoons are attached to limbs like those of Tolype; 
but the larvee of this species that we have bred made their cocoons 
between leaves, or in the folds of the muslin bag enclosing the limb 
upon which they were feeding. The species passes the winter in the 
pupa state; and the moth appears in June, when it lays its eggs upon 
the leaves of the trees it infests. 


SUPERFAMILY HESPERIOIDEA 
The Skippers 


The skippers are so-called on account of their peculiar mode of 
flight. They fly in the daytime and dart suddenly from place to place. 
When at rest most species hold the wings erect in a vertical position 
like butterflies; in many the fore wings are thus held while the hind 
wings are extended horizontally; and a few extend both pairs of 
wings horizontally. The head is wide; the antenne are widely 
separated; they are thread-like, and enlarged toward the tip; and in 
most cases the extreme tip is pointed and recurved, forming a hook. 
The abdomen is usually stout, resembling that of a moth rather than 
that of a butterfly. The skippers are most easily distinguished by 
the peculiar venation of the wings, vein R of the fore wings being 
five-branched, and all of the branches arise from the discal cell 
(Fig. 937). In some butterflies all of the branches of vein R appear 
to arise from the discal cell; but this is because two of the branches 
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coalesce to the margin of the wing. In such butterflies vein R appears 
to be only four-branched. 

The North American skip- 
pers represent two families. 
In Australia there is a skipper- 
like insect, Euschémon rafflésie, 
which has a distinct frenulum. 
If this belongs to the Hesperi- 
oidea, it represents a third 
family, the Euschemonide. 
Our two families can be sepa- 
rated as follows. 


A. Head of moderate size; club of 
antenna large, neither drawn out 
at the tip nor recurved. Large 
skippers, with wing expanse of 
40 mm. OG more. p, 733. ...4--- 
Maa eat. Ss sere ae MEGATHYMIDA 

AA. Head very large; club of an- 
tenna usually drawn out at the 
tip, and with a distinct recurved 
apical crook. In a fewforms the 
crook of the antennz is wanting; 
such forms can be distinguished 
from the Megathymide by their 
smaller size, the wing expanse be- 
ing less than 30 mm. p. 734... 
= Se? Oe eee eee HESPERIDZ 


Famity MEGATHYMIDA 


The Giant Skippers Fig. 937.—Wings of Epargyreus tityrus. 


This family includes a small number of large skippers, which are 
found in the South and far West. In the adult insect the head is 
of moderate size, the width, including the eyes, being much less 
than that of the metathorax. The club of the antenne is large; 
and, although the tip is turned slightly to one side, it is neither drawn 
out to a point nor recurved. The body is very robust, even more so 
than in the Hesperiidae. These insects fly in the daytime and with 
a rapid darting, flight. When at rest they fold their wings in a 
vertical position. 

So far as is known the larve in the later stages of their growth are 
borers in the stems and roots of various species of Yucca and Agave 
and the young larve spin silken tubes between the young and tender 
shoots of these plants. 

A monograph of the family was published by Barnes and Mc- 
Dunnough (12). It is represented in the United States by a single 
genus, Megathymus, of which eight species have been found in the 
United States. 

Megathymus stréckeri (Fig. 938) will serve as an example of the 
giant skippers. The specimen figured is a female of the variety 
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known as texana. 
A much better known 
species is the yucca-borer, 
Megathymus yticce. The 
female of this species 
differs from that of the 
preceding in having much 
darker wings, all of the 
spots being smaller, and 
in having only one or two 
white spots on the lower 
i surface of the hind wings. 
Fig. 938.—Megathymus streckert. The male lacks the erect 
hairs on the hind wings. 
The larva bores in the stem and root of the Yucca or Spanish bayonet. 
It differs greatly in appearance from the larve of the Hesperiide, 
having a small head. This species is widely distributed through the 
southern part of our country. 


Famity HESPERIID2 
The Common Skippers 


This family includes all of our skippers except the very small 
number that belong to the preceding family, the giant skippers. The 
two families can be separated 
by the table given above. 

The larve of the common 
skippers present a very char- 
acteristic appearance, having .2 
large heads and strongly con- *€ 
stricted necks (Fig. 939). They 
usually live concealed in a Fig. 939.—Epargyreus tityrus, larva. 
folded leaf or in a nest made 
of several leaves fastened together. The pup are rounded, not 
angular, resembling those of moths more than those of butterflies. 
The pupa state is passed in a slight cocoon, which is generally com- 
posed of leaves fastened together with silk, and thinly lined with the 
same substance. 

A monograph of the North American species was published by 
Lindsey (21); and the species of the Eastern United States are de- 
scribed and figured in natural colors by Comstock and Comstock (04), 


The family Hesperiidze includes four subfamilies; but only three 


of them are represented in this country, the fourth being confined 
to the Old World. Our forms can be separated as follows. 


A. Club of antenne large; the entire club reflexed. p. 735... ..PYRRHOPYGINE 

AA. Club of antenne variable, but never with the entire club reflexed. 
B. Vein M, of the fore wings arising nearer to vein M; than to vein M;. p. 735. 
HOE NOSE PUERCO OG OAM OTRO STEN CIIAMES 0. 5 01. 4 0h aeam okG ot to af HESPERIINA 
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BB. Vein Mz of the fore wings arising midway between veins M, and M; or 
nearer to vein M, than to vein My. 

(e. ova M, of the fore wings arising nearly midway between veins M; 

an eB 

D. _Discal cell of fore wings more than two-thirds as long as the costa. 

Mid tibize without spines. Males usually with costal fold in fore wings 
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DD. _Discal cell of fore wings less than two-thirds as long as the costa. 

Mid tibize spined. Males usually with a discal patch, the brand, on the 


POLE WANES. D737 ek Sees le ee ee ere PAMPHILINA 
CC. Vein M, of the fore wings arising much nearer to vein M, than to vein 
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SUBFAMILY PYRRHOPYGIN/2® 


The distinguishing feature of this subfamily is that the antennal 
club is large and the entire club is recurved. In the other members 
of the Hesperiide if the antennal club is recurved it is only the 
terminal part of the club that is bent back. This subfamily includes 
a large number of South and Central American species; but only 
one has been found north of Mexico. This is Apyrrothrix ardxes 
variety arizone. This has been found only in Arizona. It is a large 
skipper, having a wing-expanse of 50mm. In general appearance it 
resembles our common silver-spottea skipper, Epargyreus tityrus, 
except that the ground color is a darker brown and the spots on the 
fore wings and the lighter parts of the fringes are snow white. 


SUBFAMILY HESPERIINA! 
Skippers with a Costal Fold and their Allies 


This subfamily includes the larger of the common skippers, as 
well as some that are of moderate size. Most of the species are dark 
brown, marked with white or translucent, angular spots. The an- 
tennz usually have a long club, which is bent ata considerable dis- 
tance from the tip (Fig. 940) and vein M2 of the fore wings retains its 
primitive position nearly midway between veins M; and Mz or is 
nearer to vein M, than to M3 at base (Fig. 937). But the most dis- 
tinctive feature of the subfamily is exhibited 
by the males alone, and is lacking in some 
species. It consists of a fold in the fore wing 
near the costal margin, which forms a long 
slit-like pocket, containing a sort of silky 
down. This is a scent-organ. When this 
pocket is tightly closed it is difficult to see it. 
It is known as the costal fold. 

More than eighty species belonging to 
this subfamily have been found in America north of Mexico. The 
following are some of the more common of these. 


Fig. 940.—Thanaos mar- 
tialis. 
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The silver-spotted skipper, Epargyreus tityrus.—This is one of the 
iarger of our common skippers, having a wing-expanse of nearly or 
quite somm. It is dark choco- 
late brown, with a row of yel- 
lowish spots extending across 
the fore wing and with a large 
silvery-white spot on the lower 
side of the hind wing (Fig. 941). 
It is found in nearly the whole 
United States and in southern 
Canada. The larva (Fig. 939) 
feeds upon various papilionace- 
ous plants. It is common on 
locust. It makes a nest, wis 

: . in which it remains concealed, 
ne He Tee ody Se by fastening together, with silk, 
the leaflets of a compound leaf 

(Fig. 942). This is one of the very few skippers that winter in the 


Fig. 942.—Nest of larva of Epargyreus tityrus. 


pupa state; most species winter as larve, either partly grown or in 
their cocoons. 

The bean leaf-roller, Gonitirus proteus.—This skipper by the shape 
of its wings reminds one of a swallow-tail butterfly, the hind wings 
being furnished with long tails. It expands about 43 mm. and the 
greatest length of the hind wings is about 30 mm. The wings are 
very dark chocolate-brown. The front wings contain several silvery- 
white spots; and the body and base of the wings bear metallic-green 
hairs. The larve feed upon both Leguminose and Cruciferee. In the 
South it is sometimes a pest in gardens, cutting and rolling the leaves 
of beans, turnips, and cabbage, and feeding within the rolls thus 
formed. It is found on the Atlantic border from New York southward 
into Mexico. 

There are two common skippers which are nearly as large as the 
two described above, but which have neither the yellow band of the 
first nor the long tails of the second; neither do they have the brown 
spots characteristic of the following genus. These two skippers belong 
to the genus Thorybes. The wings are of an even dark brown; the fore 
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wings are flecked with small or very small irregular white spots, and 
the hind wings are crossed beneath by two rather narrow, parallel, 
inconspicuous darker bands. These skippers are distinguished as 
follows. 

The northern cloudy-wing, Thérybes pilades.—In this species the 
white spots on the fore wing are usually mere points, although their 
number and size vary. The species is found in nearly all parts of the 
United States. The larva commonly feeds on clover. 

The southern cloudy-wing, Thdrybes daunus.—In this species the 
white spots are larger than in the preceding, almost forming a con- 
tinuous band. It differs also in that the males do not have a costal 
fold. It is widely distributed over the Eastern United States, except 
the more northern portions. 

To the genus Thanaos belong a large number of species which on 
account of their dark colors have been named dusky-wings. These 
species resemble each other so closely in markings that it is very 
difficult to separate them without longer descriptions than can be 
given here. The one following will serve as an example. 

Martial’s dusky-wing, Thdnaos martialis —The wings are grayish 
brown with many dark brown spots evenly distributed and with 
several minute white ones on the outer half of the fore wings (Fig. 
940). This skipper is found throughout the greater part of the 
United States east of the Rocky Mountains, and in Canada. 

Among the smaller members of this subfamily are the skippers 
of the genus Pholisora. The most widely distributed species of this 
genus is the sooty-wing, Pholiséra catullus. The expanse of the wings 
is a little more than 25 mm. ‘The wings are nearly black, marked 
with minute white spots, which vary in sizeand number. This species 
is found throughout the United States and southern Canada. 

The genus Hesperia includes a considerable number of small 
skippers, which are easily recognized by their checkered markings of 
white upon a dark brown ground. Small white spots on the wings 
are common in this subfamily, but in this genus the white spots are 
unusually large, so large in some cases that they occupy the greater 
part of the wing. One of the more common species is the variegated 
tessellate, Hespéria tessellata. This is distributed from the Atlantic 
to the Pacific, and is the only one common in the Eastern United 
States. In this species more than one-half of the outer two-thirds of 
both fore and hind wings is white. 


SuBFAMILY PAMPHILINAE 
Skippers with a Brand and their Allies 


This subfamily includes the greater number of our smaller skippers. 
Some of the species, however, surpass in size many of the Hesperiine. 
To the Pamphilinz belong all of our common tawny skippers, as well 
as some black or dark brown species. The antennz usually have a 
stout club, with a short, recurved tip; sometimes this tip is wanting. 
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In the majority of our species the males can be recognized at a glance 
by a conspicuous patch crossing the disk of the fore wings, which 
usually appears to the naked eye like a scorched, 
oblique streak, and which on this account is 
termed the brand (Fig. 943). The brandis a 
complicated organ, composed of tubular scales, 
the androconia, that are the outlets of scent- 
glands, and of other scales of various shapes; 
in some species the brand is wanting. In this 

subfamily vein Mz of the fore wings arises much 
Fig.943.—Altryone con- nearer to vein M3 than to Mi, the base of the 
Age vein usually curving noticeably toward vein M3 


(Fig. 944). 


This subfamily is an exceedingly difficult one to study. One 
hundred and twenty-five species have been described from America 
north of Mexico; and in many cases the differences between allied 
species are not well marked. 
The following two are 
named merely as examples. 
The first one is easily recog- 
nized. 


The least skipper, Ancy- 
loxipha nuimitor.—This 
skipper is the smallest of 
our common species, and is 
also remarkable for lacking 
the recurved hook at the 
tip of the antenne. The 
wings are tawny, broadly 
margined with dark brown. 
In the females the fore 
wings are almost entirely 
brown. The larger indi- 
viduals expand about 25 
mm. ‘The larva feeds upon 
grass in damp places. 


The black-dash, Atrj- 
tone conspicua.—The male 
of this species is represented 
by Figure 943. It is black- 
ish brown, with consider- 
able yellow on the basal 
half of the fore wings. The 
brand is velvety black. This 
species is distributed from 


3d A 
Massachusetts to Nebraska. Fig. 944.—Wings of Pamphila sassacus. 
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SUPERFAMILY PAPILIONOIDEA 
The Butterflies 


The butterflies differ from moths in that they have clubbed an- 
tenn, fly only in the daytime (except some species in the tropics), 
hold the wings erect above the back when at rest, and have no 
frenulum. Some moths present one or more of these characteristics, 
but no moth presents all of them. Butterflies can be distinguished 
from skippers by the venation of the front wings, as indicated above 
in the characterization of the Hesperioidea. 


Among the many works treating of American butterflies the two 
following are especially useful for the classification of our species, 
each of these works is illustrated by many full-page plates representing 
the insects in their natural colors: ‘‘How to Know the Butterflies, A 
Manual of the Butterflies of the Eastern United States” by J. H. 
and A. B. Comstock (04), and ‘““The Butterfly Book, A Popular Guide 
to a Knowledge of the Butterflies of North America” by W. J. 
Holland (1931). 


The butterflies found in America north of Mexico represent five 
families. Our representatives of these families can be separated by 
the following table. 


A. Butterflies in which the cubitus is apparently four-branched; and in which 
the anal area of the hind wings is more reduced than the anal area of the fore 
wings, as in the fore wings there are always two anal veins, and usually all 
three are at least partly preserved, while in the hind wings there is only a single 
iti MEOitine Dom 7A OL iis, oc aki hha Me age Sedan pak econ PAPILIONID4E 

AA. Butterflies in which the cubitus is apparently three-branched; and in 
which the anal area of the fore wings is more reduced than the anal area of the 
hind wings, the former having a single anal vein and the latter two. 

B. Palpi much longer than the thorax (Subfamily Libytheinz). p. 766 
Pak tee ees cit Oey sila Bin eal bohoy sn sceo rsgdhe: wie tafe siete bert he NYMPHALID 
BB. Palpi not as long as the thorax. , 


C. With only four well-developed legs in both sexes, the front legs being 
much shorter than the others, and folded on the breast like a tippet; 
radius of the fore wings five-branched. To determine the number of 
branches of radius, count the two cubital and the three medial branches 
first, the branches left between vein M; and the Subcosta belong to radius. 
TOGA OpisGPo SyxO7G wr gag RO RRS POO Oe ea cc oc OCC a NYMPHALIDA 

CC. With six well-developed legs in the females and with the fore legs of the 
males more or less reduced, only slightly reduced except in the metal- 
marks; radius of the fore wings (except in some orange-tips, p. 747) only 
three or four branched. 


D. Vein M, of the fore wings arising at or near the apex of the discal cell 
(except in Feniseca, p. 772) - 
E. Hind wings with the costa thickened out to the humeral angle 


@igs 078) rand) witha) humeral) vem. py 707 verse erie RIODINIDA 
EE. Costa of hind wings not thickened at base; humeral vein absent. 
GOs TADLEIT ccs & > Pron sEv Owe Sv ego tp NONAP OIE RRC SRI conc) OCC ac ete LycaNIDa 


DD. Vein M, of the fore wings united with a branch of radius for a 
considerable distance beyond the apex of the discal cell (Fig. 952). 
8b FMbe boo COG GxrC OO HOOGD OU.Ib ON OGL FORO NOOOOG5.08 DOa0GCR oc PIERIDAE 
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Famity PAPILIONID 
The Swallow-tails and the Parnassians 


This family includes the swallow-tail butterflies, which are common 
throughout our country, 
and the parnassians, 
which are found only on 
high mountains or far 
north. These insects are 
distinguished from all 
other butterflies found in 
our fauna by the fact 
that vein Mz of the fore 
wings appears to be a 
branch of cubitus, mak- 
ing this vein appear to be 
four-branched, and by 
the fact that the anal 
area of the hind wings is 
more reduced than the 
analarea of thefore wings, 
the former containing 
only a single anal vein, 
the latter two in the 
parnassians and three in 
the swallow-tails. 

This family includes 
two well-marked  sub- 
families, which are dis- 
tinguished as follows. 
A. The outer margins of the 

hind wings usually with one 
or more tail-like prolonga- 
tions; ground color of 
wings black or yellow; the 
base of the first anal vein 
preserved as a spur-like 
branch of vein Cu (Fig. 
945); radius of the fore 
Fig. 945.—Wings of Papilio polyxenes. wings five-branched. p. 740 
Ms ee PAPILIONIN 2 

AA. The outer margin of the hind wings rounded, without a tail-like prolonga- 
tion; ground color of wings white; radius of fore wings four-branched; the 
WEEE hoe YShet Yyemauaree CME CNS 1 Wisc ocanscaneacaucoc PARNASSIIN 


SuBFAMILY PAPILIONIN2® 
The Swallow-tails 


_ These magnificent butterflies are easily recognized by their large 
size and usually by their tail-like prolongations of the hind wings. 
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The ground color of the wings is black, which 
is usually marked with yellow, and often 
with metallic blue or green. The larve of 
our swallow-tails are never furnished with 
spines, but are either naked or clothed with 
a few fine hairs. In a single species that is 
widely distributed in the United States, 
Laértias philénor (Fig. 946) and in the genus 
Ithobalus, which is represented in our fauna 
only in the extreme South, the body of the 
larva bears fleshy filaments. An osmeterium 
is always present; this is bright colored, 
forked, and is thrust out from the upper part 
of the prothorax when the caterpillar is dis- 
turbed. It diffuses a disagreeable odor. 
See page ror. 

The chrysalids are thickened in the 
middle and taper considerably at each end; 
they are more or less angulated, and always 
have two prominent projections at the an- 
terior end. They are suspended by the tail 
and by a loose girth around the middle (Fig. 
947). 

There are about twenty species of swal- yp; ee . 
low-tails in America north of Mexico. The sip ick Nagy Gh Dae 
following well-known species will serve as _ ley.) 
illustrations. 

The black swallow-tail, Papilio poljxenes.—The larva of this 
swallow-tail (Fig. 948) is well-known to most country children. It is 
the green worm, ringed with black and spotted with yellow, that eats 
the leaves of caraway in the back yards of country houses. It feeds 
also on parsnips and other umbelliferous plants. The first instar of 
this larva is black, banded about the middle and caudal end with 
white. There are two generations an- 
nually in the North and at least three 
in the South. 

In the adult the wings are black, 
crossed with two rows of yellow spots, 
and with marginal lunules of the same 
color. The two rows of spots are much 
more distinct in the male than in the female, the inner row on the 
hind wing forming a continuous band crossed with black lines on the 
veins. Between the two rows of spots on the hind wings there are 
many blue scales; these are more abundant in the female. Near the 
anal angle of the hind wing there isan orange spot with a black center. 
On the lower surface of the wings the yellow markings become 
mostly orange and are heavier. 

This species is found throughout the United States and in 
the southern parts of Canada. In California the black swailow- 


Fig. 947.— Chrysalis of Papilio. 
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tail is replaced as a celery and parsley pest by a related species, 


Fig. 948. — Papilio poly- 
xenes, larva. 


Papilio zolicaon. 

The tiger swallow- 
tail, Papilio glaucus.— 
The larva of this butter- 
fly (Fig. 949) is even 
more striking in appear- 
ance than that of the 
preceding species. When 
full grown it is dark 
green, and bears on each 
side of the third thoracic 
segment a large greenish- 
yellow spot, edged with 


black, and enclosing 
small black spots like a 
figure 10. This cater- 
pillar has the curious 
habit of weaving upon 
a leaf a carpet of silk, 
upon whichit rests when 
not feeding; when near- 
ly full grown, instead of 
spinning a simple car- 
pet as before it stretches 
a web across the hol- 
low of a leaf and thus 
makes a spring bed up- 
on which it sleeps (Fig. 
949). 
The larva of this 
species feeds on birch, 
poplar, ash, wild cherry, 
fruit-trees, and many 
other trees and shrubs. 

In the adult state 


two distinct forms of this insect occur. These 
differ so greatly in appearance that they were 
long considered distinct species. They may be 
distinguished as follows. 


(1) The turnus form, Papilio glaucus turnus—The wings are 
bright straw-yellow above, and pale, faded straw-yellow beneath, with 
a very broad black outer margin, in which there is a row of yellow 
spots. On the fore wings there are four black bars, extending back 
from the costa; the inner one of these crosses the hind wings also. 
This form is represented by both sexes, and is found in nearly all 
parts of the United States and Canada. 


_ (2) The glaucus form, Papilio glaucus glaucus—In this form the 
disk of the wings is entirely black, but the black bands of the turnus 


Fig. 949. — Papilio 
glaucus, larva upon 
its bed. 


LEPIDOPTERA 743 


form are faintly indicated, especially on the lower surface, by a darker 
shade. The marginal row of yellow spots is present, and also the 
orange spots and blue scales of the hind wings. This form is repre- 
sented only by the female sex, and occurs only in the more southern 
part of the range of the species, i. e., from Delaware to Montana and 
southward. It was the first of the two forms to be described, hence 
the species bears the name glaucus. 

The zebra swallow-tail, [phiclides marcellus —This butterfly (Fig. 
950) differs from all other swallow-tails found in the eastern half of 
the United States in having the wings crossed by several bands of 
greenish white. This is one 
of the most interesting of 
our butterflies, as it occurs 
under three distinct forms, 
two of which were con- 
sidered for a long time dis- 
tinct species. Without tak- 
ing into account the more 
minute differences these 
forms can be separated as 
follows. 

(1) The early-spring 
form, Iphiclides marcellus 
marcellus.—This is the form 
figured here. It expands 
from 65 to 70 mm.; and the 
tails of the hind wings are 
about 15 mm. in length and Fig. 950.—Iphiclides marcellus. 
tipped with white. 

(2) The late-spring form, Iphiclides marcéllus telaménides.—This 
form is a little larger than the early spring form and has tails nearly 
one-third longer; these tails are bordered with white on each side of 
the distal half or two-thirds of their length. 

(3) The summer form, [phiclides marcéllus lecontet.—The sum- 
mer form is still larger expanding from 80 to 87 mm., and has tails 
nearly two thirds longer than the early spring form. 

The life history of this species has been carefully worked out by 
Mr. W.H. Edwards. He has shown that there are several generations 
each year, and that the winter is passed in the chrysalis state. But 
the early-spring form and the late-spring form are not successive 
broods; these are both composed of individuals that have wintered 
as chrysalids, those that emerge early developing into marcellus 
marcellus, and those that emerge later developing into marcellus 
telamonides. All of the butterflies produced from eggs of the same 
season, and there are several successive broods, are of the summer 
form, marcellus lecontet. 

The larva feeds upon papaw (Asimina). This insect is found 
throughout the eastern half of the United States except in the ex- 
treme north. 
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This species was formerly supposed to be the Papilio ajax of 
Linneus, and the specific name ajax has been commonly applied to 
it in this country. 


SuBFAMILY PARNASSIIN4# 
The Parnassians 


The parnassians are butterflies of medium size in which the ground 
color of the wings is white shaded with black, and marked with round 
red or yellow spots margined 
with black. 

In structure the parnassi- 
ans are closely allied to the 
swallow-tails; but in their 
general appearance they show 
little resemblance to them, 
differing in the ground color 
of the wings, and in lacking 
the tail-like prolongation of 
the hind wings in all of our 
species. 

In the venation of the 
wings (Fig. 951) they differ 
from the swallow-tails in that 
radius of the fore wings is only 
four-branched and the first 


Me anal vein is wanting. They 
is M, agree with the swallow-tails 
<< and differ from all other butter- 
Cu flies in that the cubitus of the 
Cus fore wings is apparently four- 
Fig. 951.—Wings of Parnassius. branched. 


The larvae possess osme- 
teria similar to those of the larvee of swallow-tails. When about to 
pupate the larva either draws a leaf or leaves about its body by a few 
threads or it merely hides under some object on the ground. The pupa 
is cylindrical and rounded, not angulate like those of swallow-tails. 

Only four species have been found in North America; they all 
belong to the genus Parndssius. Of the four species, two are Alaskan; 
the others occur in the mountains of the Pacific States, in Wyoming, 
and in the Rocky Mountains. Of each of the two latter there are 
several named varieties. 


Famity PIERIDA 
The Piérids 


These butterflies are usually of medium size, but some of them 
are small; they are nearly always white, yellow, or orange, and are 
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usually marked with 
black. They are the 
most abundant of all 
our butterflies, being 
common everywhere 
in fields and roads. 
Some species are so 
abundant as to be seri- 
ous pests, the larve 
feeding on cultivated 
plants. 


The characteristic 
features of the vena- 
tion of the wings are 
the following (Fig. 
952): Vein Me of the 
fore wings is more 
closely connected with 
radius than with cu- 
bitus, the latter ap- 
pearing to be three- 
branched; vein M, of 
theforewingscoalesces 
with radius for a con- Fig. 952.—Wings of Pieris protodice. 
siderable distance in 
all of our species; and only three or four of the branches remain dis- 
tinct except in some orange-tips. 


In this family the fore legs are well developed in both sexes, there 
being no tendency to their reduction in size, as in the three following 
families. 


The larve are usually slender green worms clothed with short, 
fine hairs; the well-known cabbage-worms are typical illustrations 
(Fig. 953). The chrysalids are supported by the tail and by a girth 
around the middle. They may be distinguished at a glance by the 
presence of a single pointed projection in front (Fig. 953). 


Our genera of this family can be separated into three groups, which 
seem hardly distinct enough to be ranked as subfamilies. These are 
the whites, the yellows and the orange tips. 


I. THE WHITES 


The more common representatives of this group are the well- 
known cabbage-butterflies. They are white butterflies more or less 
marked with black. Occasionally the white is tinged with yellow; 
and sometimes yellow varieties of our white species occur. About a 
dozen North American species of this group are known. 
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The cabbage-butterfly, Pieris rape.—The wings of this butterfly 
are dull white above, occasionally tinged with yellowish, especially 


Fig. 953.—Pieris rape, larva and pupa. 


in the female; below, the apex of the fore wings, and the entire sur- 
face of the hind wings are pale 
lemon yellow. In the female there 
are two spots on the outer part 
of the fore wing besides the black 
tip, in the male only one (Fig. 
954). 


There is considerable varia- 
tion in the intensity of the black 
markings, and in the extent of 
the yellow tinge of the wings. 


: The larva of this species (Fig. 
Fig. 954.—Puerts rape. 953) feeds principally on cabbage, 
but it also attacks many other 
cruciferous plants. Its color is the green of the cabbage-leaf, with a 
narrow, greenish, lemon-yellow dorsal band, and a narrow, interrupted 


stigmatal band of the same color. The body is clothed with very fine 
short hairs. 


Pieris rape is without doubt the most injurious to agriculture of 
all our species of butterflies. It is an introduced species, but has 
spread over the greater part of this country. As it is three-brooded 
in the North and more in the South, it is present nearly the entire 
season, so that it needs to be fought constantly. The larve can be 
easily killed by spraying the plants with Paris green, one pound in 
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fifty gallons of water. Chemical analysis of sprayed plants has shown 
that there is practically no danger from eating cabbages that have 
been treated in this way. 

The gray-veined white, Pieris napi.tiIn the most common form 
the wings are white above and below, with a scarcely perceptible tinge 
of greenish yellow. Sometimes there is a dark spot in cell M3 of the 
fore wings, but usually the wings are immaculate. The base of the 
wings, however, and the basal half of the costal margin of the front 
wings, are powdered more of less with dark scales, and the veins of 
the wings, especially on the lower side are grayish. The wing-expanse 
is from 42 to 50mm. 

This species occurs throughout Canada and the more northern 
portions of the United States. It appears in many different forms; 
eleven named forms arenow recognized in the United States, and still 
other forms are known in Europe. This polymorphism is partly 
seasonal and partly geographical. 

The checkered white, Pieris protédice.—The two sexes of this 
species differ greatly in appearance, the female being much more 
darkly marked than the male. The wings are white, marked above 
with grayish brown. There is a bar of this color at the end of the 
discal cell; beyond this there is in the male a row of three more or 
less distinct spots, and in the female an almost continuous band of 
spots. Besides these there is in the female a row of triangular spots 
onthe outermargin of both fore and hind wings, andon the hind wings 
a submarginal zigzag bar. 

The larva of this species is colored with alternating stripes of 
bright golden yellow and dark greenish purple, upon which are nu- 
merous black spots. It feeds upon cabbageand other cruciferous plants, 
and occurs in nearly the whole of the United States. Both this and 
the preceding species seem to become greatly lessened in numbers by 
the increase of the imported Pieris rape. 


II. THE ORANGE-TIPS 


These, like the butterflies comprising the preceding group, are 
white, marked with black. Their most 
characteristic feature is the presence 
on the lower surface of the hind wings 
of a greenish network, or a marbled 
green mottling. This usually shows 
through the wing so as to appear as a 
dark shade when the wings are seen 
from above (Fig. 955). Many species 
have a conspicuous orange spot on the 
apical portion of the front wings. This ailines 
hassuggested the commonnameorange- _—“Fig. 955.—Euchloe ausonides. 
tips for the group. But it should be 
remembered that some species lack this mark, and that in some others 
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it is confined to the males. Nearly all of our species are confined to 
the Far West. The two following occur in the East. 

The falcate orange-tip, Euchloe geniitia.—In this species the 
apex of the fore wings is hooked, reminding one of the hook-tip moths. 
In the males there is a large apical patch. This butterfly is found 
throughout the southeastern part of the United States, not including 
Florida. It occurs as far north as New Haven, Conn. It is nowhere 
abundant. The larva feeds on rock-cress, bitter cress, shepherd’s 
purse, Sisymbrium, and other Crucifere that are slender in form. 

The olympia orange-tip, Synchloe oljmpia.—In this species the 
orange patch is wanting in both sexes. There is a conspicuous black 
bar at the end of the discal cell of the fore wings, and the apical 
portion of these wings is gray including a large irregular white band 


The larva is striped lengthwise with pale slate color and bright 
yellow; the feet, legs, and head are grayish green. It feeds on 
hedge-mustard and other Crucifere. 


Ill. THE YELLOWS 


The yellows are easily recognized by their bright yellow colors, 
although in some species whitish forms occur. They abound almost 
everywhere in open fields, and are common about wet places in roads, 
To this group belong the larger number of our pierids. 

The roadside butterfly or the clouded sulphur, Eurymus philédice. 
—The wings above are rather pale greenish yellow, with the outer 
borders blackish brown. Figure 956 
represents the male; in the female 
the border on the fore wings is 
broader, and contains a sub-margin- 
al row of yellow spots. The discal 
dot of the fore wings is black, that of 
the hind wingsisorange. The under 
surface is sulphur-yellow. 

This species is dimorphic. The 
second form is represented only by 
the female sex, and differs in having 
the ground-color of the wings white Fig. 956.—Eurymus philodice. 
instead of yellow. 

This butterfly often occurs in large numbers in muddy places in 
country roads, for this reason it may be known as the roadside 
butterfly. It is also knownas the clouded sulphur. Its range extends 
from the mouth of the St. Lawrence to South Carolina and west- 
ward to the Rocky Mountains. Its larva feeds upon clover and 
other Leguminose. 

The orange sulphur, Eurymus eurytheme.—This species closely re- 
sembles the preceding one in size, shape and markings. The typical 
form differs from E. philodice in being of an orange color above instead 
of yellow. This butterfly is found chiefly in the Mississippi Valley 
and west to the Pacific Ocean; it is also found in the Southwestern 
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States, and occurs occasionally north to Maine. It is one of the most 
polymorphic of all butterflies; the forms differ so much in appearance 
that four or five of them have been described as distinct species. The 
larva feeds on clover and allied plants, and is sometimes a pest in 
alfalfa fields. 

The dog’s head, Zeréne cesdnia.—The wings are lemon-yellow above 
bordered on the outer margin with black. On the hind wings the 
border is narrow, but on the fore wings it is broad. The outline of the 
yellow of the fore wings suggests a head of a dog or of a duck, a 
prominent black spot on the discal vein serving as the eye. This is 
an abundant species in the Southeastern and Southwestern States, 
extending from the Atlantic to the Pacific. The larva feeds on clover. 

The sleepy yellow, Euréma nicippe.—The wings above are bright 
orange, marked with blackish brown as follows: on the fore wings a 
narrow bar at the apex of the discal cell, the apical portion of the 
wings, and the outer margin; on the hind wings, the outer margin. 
In the female the outer marginal band is interrupted at the anal 
angle of each wing, and on the hind wings it may be reduced to an 
apical patch. The expanse of the wings is from 40 to 47 mm. 

The common name, sleepy yellow, was suggested by the fact that 
the black spot near the middle of each fore wing is reduced to a 
narrow transverse line, which looks like an eye almost closed. This 
species occurs from southern New England to Florida and west to 
Lower California. The larva feeds on several species of Cassia. 

The little sulphur, Euréma eutérpe-—Although this species is 
larger than the following one it is considerable below the average size 
of our yellows, the larger individuals expanding less than 37 mm. 
The wings are canary-yellow above, with the apex of the fore wings 
and the outer margin of both fore and hind wings blackish brown. 
The border of the hind wings is narrow and sometimes wanting. 
There is a red-brown splash on the apex of the hind wings below. 

The distribution of this species is similar to that of the preceding 
one. The larva feeds on Cassia. 

The dainty sulphur, Nathalis iole——This little butterfly can be 
distinguished from all others described here by its small size, as it 
expands only from less than 25 mm. to 30mm. It is of a pale canary- 
yellow color, with dark brown markings. ‘There is a large apical 
patch on the fore wings, and a broad band parallel with the inner 
margin; on the hind wings there is a stripe on the basal two-thirds of 
the costa, and spots on the ends of the veins; these are more or less 
connected on the margin of the wing, especially in the female. 

This species also is found from Southern New England to Florida 
and west to Lower California. It, too, feeds on Cassza. 

The cloudless sulphur, Catopsilia eubule—This large butterfly 
differs greatly in appearance from those described above. It expands 
62mm. The wings above are of uniform bright canary-yellow. In 
the male they are without spots, except frequently an inconspicuous 
brown dot at the tip of each vein, and a lilac-brown edging of the 
costal border. In the female there is a discal dot on the fore wings 
and a marginal row of brown spots at the ends of the veins. 
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This is a southern species which occasionally extends as far north 
on the coast as New York City, and in the Mississippi Valley as far 
as Southern Wisconsin. The larva feeds on Cassia. 


Famity NYMPHALIDA# 


The Four-footed Butterflies 


The family Nymphalide, includes chiefly butterflies of medium or 
large size, but a few of the species are small. With a single exception, 
Hypatus, ‘these butterflies differ from all others in our fauna in having 
the fore legs very greatly reduced in size in both sexes. So great is the 
reduction that these legs cannot be used for walking, but are folded 
on the breast like a tippet. Dr. W. T. M. Forbes has observed mem- 
bers of this family use their reduced fore legs for cleaning their an- 
tennz, and in case of Basilarchia to make a sound. 

More or less reduction in the size of the fore legs occurs in the 
Lycenide and Riodinidz, but there it occurs only in the males, and 
to a much less degree than in this family. The Nymphalide differ 
from these two families in retaining all of the branches of radius of 
the fore wings, this vein being five-branched, except in the genus 
Anea. 

This is the largest of the families of butterflies. It not only sur- 
passes the other families in number of species, but it contains a greater 
number and variety of striking forms, and also a larger proportion of 
the species of butterflies familiar to every observer of insects. There 
may be in any locality one or two species of yellows or of whites more 
abundant, but the larger number of species commonly observed are 
four-footed butterflies. 

Five subfamilies of the Nymphalide are represented in our fauna. 
These can be separated by the following table. Each of these sub- 
families 1s regarded as a distinct family by some writers. 

Aww Palpismuch louver tian neNUnOraxsn 1) 8700s =a LIBYTHEINZ 
AA. Palpi not as long as the thorax. 
B. Vein 3d A of the fore wings preserved; antennz apparently naked, p. 765. 


eae ne ern ee eet ee ee eS, Sa dials SM omits 6.8 DANAIN 
BB. Vein 3d A of the fore wings wanting; antenne abundantly clothed with 
scales, at least above. 


C. Discal cell of the hind wings closed by a well-preserved vein. 
D. With some = the veins of the fore wings greatly swollen at the base 
(EGS (072 i Ding FOL a. sd praaite eats eee ee oe eae SATYRINAE 
DD. With bud of ‘the veins of the fore wings unusually swollen at base. 


De 7O4 toe case clone estore Meher chats ere tae ee Ee HELICONIN& 
Ce nD ieeal cell of the hind wings either open or closed by a mere vestige of a 


Veil.) Pak 750es «cated. peeehie: Meret eee NYMPHALINE 
SUBFAMILY NYMPHALIN2® 


The Nymphs 


The nymphs can be distinguished from the other four-footed 
butterflies as follows: the palpi are not longer than the thorax as in 
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the long-beaks; the veins of the fore wings are not greatly swollen 
at the base as in the meadow-browns, except in the genera Mestra 
and Eunica, which are found only in the extreme South; the discal 
cell of the hind wings is not closed as in the heliconians; and the 
antennz do not appear to be naked as in the milkweed butterflies. 

The larvee are nearly or quite cylindrical, and are clothed to a 
greater or less extent with hairs and sometimes with branching spines. 

The chrysalids are usually angular, and often bear large projecting 
prominences; sometimes they are rounded. They always hang head 
downwards, supported only by the tail which is fastened to a button 
of silk. 

Our genera of nymphs represent six quite distinct groups, as 
follows. 


I. THE FRITILLARIES 


The fritillaries are butterflies varying from a little below to some- 
what above medium size. The color of the wings is fulvous, bordered 
and checkered with black, but not so heavily bordered as in the next 
subgroups. The lower surface of the wings is often marked with curv- 
ing rows of silvery spots. The common name fritillary is from the 
Latin fritillus, a dice box, and was suggested by the spotted coloration 
of these butterflies. 

In the larve there is an even number of rows of spines on the 
abdomen, due to the fact that there are none on the middle of the 
back. The larvee feed upon the leaves of violets. 

There are many species of fritillaries, about fifty occur in America 
north of Mexico, and it is difficult to separate the closely allied species. 

The great spangled fritillary, Argynnis cybele-—This species (Fig. 
957) will serve to illustrate the appearance of the larger members of 
this group, those belonging to the genus Argynnis. In this genus 
vein R» of the fore 
wings arises before the 
apex of the discal cell. 

There are a num- 
ber of common fritil- 
laries which resemble 
the preceding in color 
and markings but 
which are much small- 
er, the wings expand- 
ing considerable less 
than 50 mm. ‘These 
belong to the genus 
Brenthts. In this gen- een 
us vein Re of the fore Fig. 957.—Argynnis cybele. 
wings arises beyond 
the apex of the discal cell. 

The variegated fritillary, Euptoteta claudia.—This butterfly agrees 


752 AN INTRODUCTION TO ENTOMOLOGY 


with the smaller fritillaries (Brenthis) in the origin of vein Rz of the 
fore wing beyond the apex of 
the discal cell, but differs from 
them in the shape of the fore 
wing, the apex of which is 
much more produced (Fig. 
958) and the outer margin, 
except at the apex, concave; 
it is also considerably larger. 

Thisspecies occurs through- 
out the United States east of 
the Rocky Mountains; but is 
very rare in the northern half 
of this region. The larva feeds on the passion-flowers. 


Fig. 958.—Euptoieta claudia. 


II. THE CRESCENT-SPOTS 


This group includes some of the smaller members of the Nymph- 
alide. The color of the wings is sometimes black, with red and yellow 
spots; but it is usually fulvous, with the fore wings broadly margined, 
especially at the apex, with black, and crossed by many irregular lines 
of black. 

In the larva there is an odd number of rows of spines on the 
abdomen, due to the presence of spines on the middle of the back of 
some of the abdominal segments. 

Sixty-three species of crescent-spots have been described from 
America north of Mexico; but nearly all of these are restricted to 
the Far West. 

The Baltimore, Euph}dryas phaeton—The wings are black above, 
with an outer marginal row of dark reddish-orange spots, and two 
parallel rows of very pale yellow spots; on the fore wings a third row 
is more or less represented. The wings expand 50 mm. or more. 

The larvee feed on a species of snakehead, Chelone glabra; they 
are gregarious in the fall and build a common nest in which they pass 
the winter; but separate after hibernation. They are very striking 
in appearance. The head and first two thoracic segments are shining 
black and the last three abdominal segments are black with two 
orange bands around each. All the other segments have a ground 
color of orange with various narrow trans- 
verse lines of black. This species occurs in 
Ontario and the northern half of the 
United States east of the Rocky Moun- 
tains. It is very local, the butterflies re- 
maining near the bogs or moist meadows 
where the food-plant of the larva is found. 

The butterflies of the genus Phyciédes 
and the allied genera abound throughout 
our country. They are of small size, and of a fulvous color, heavily 
marked with black. Each species varies considerably in markings, and 
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Fig. 960.—1, Lycena argiolus; 2, Polygonia 
faunus; 3, Polygonia comma. 4, Incisalia 
niphon; 5, Euvanessa antiopa; 6, Mitoura 
damon; 7, Lycena argiolus; 8, Polygonia 
interrogationts. 
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different species resemble each other closely, making this a difficult 
group for the beginning student. Figure 959 represents a common 
species. 

The larve feed on asters and other Composite. 


III. THE ANGLE-WINGS 


To this group belong many of our best-known butterflies; there 
are twenty-five species in our fauna. With these the outer margin 
of the fore wings is usually decidedly angular or notched as if a part 
had been cut away. <A large proportion of the species hibernate in 
the adult state, and some of them are the first butterflies to appear 
in the spring. Some of the hibernating species, however, remain in 
concealment till quite late in the season. 


The red admiral, Vanéssa atalanta—The wings are purplish black 
above. On the fore wing there is a bright orange-colored band begin- 
ning near the middle of the costa, and extending nearly to the inner 
angle; between this and the apex of the wing are several white spots 
as shown in Figure 961; on 
the hind wing there is an 
orange band on the outer 
margin inclosing a row of 
black spots. 

The larva feeds chiefly 
on elm, nettle, and hop. 
When first hatched it folds 
together a half-opened leaf 
at the summit of the plant; 
when larger it makes its nest 
of a lower expanded leaf. 

Fig. 961.— Vanessa atalanta. There are two broods; both 

; ; butterflies and chrysalids 
hibernate. This butterfly occurs over nearly the whole of the European 
and North American continents. : 

The painted beauty, Va- 
néssa virginiénsts.—Figure 962 
represents the upper side of 
this butterfly. The darker 
parts of the wings are very 
dark brownish black, the light- 
er parts a golden orange, some- 
times with a pinkish tinge. 
In the apical portion of the 
fore wings there are several 
white spots as shown in the 
figure; the largest of these, 
the proximal one, is salmon or 
flesh-colored in the female. A characteristic feature of this species 
is the presence of two submarginal eye-like spots on the lower side 


Fig. 962.—Vanessa virginiensis 
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of the hind wings. The larva feeds on everlasting (Antennaria) and 
allied plants. This species occurs in Ontario and nearly the whole 
of the United States, also in South America and the Canary Islands. 


The painted beauty has been commonly known in this country as 
Vanessa huntera; but Vanessa virginiensis is the older name. 


The cosmoplite, Vanéssa cdrdui—The Butterfly resembles the 
preceding very closely in color and markings. There is however, a 
smaller proportion of orange markings; and on the lower surface of 
the hind wings there is a submarginal row of four or five eye-like spots. 


The larva feeds upon Composite, especially thistles. This species 
is very remarkable for its wide distribution. Mr. Scudder states 
“with the exception of the arctic regions and South America it is 
distributed over the entire extent of every continent.” 


The American tortoise-shell, A glais milbértt.—The wings aboveare 
brownish black, with a broad orange-fulvous band between the middle 
and the outer margin. There are 
two fulvous spots in the discal 
cell of the front wings (Fig. 963). 
The larve feed on nettle (Urtica) 
and are gregarious in habits. 
This species occurs in the north- 
ern portions of the United States 
and in Canada. 

The mourning-cloak, Euva- 
néssa antiopa.—The wings above Sekt’ 
are purplish brown, with a broad Fig. 963.—Aglais malbertt. 
yellow border on the outer mar- 
gin sprinkled with brown, and a submarginal row of blue spots. The 
upper surface is represented by Figure 964, the lower by Figure 960, 5. 

Tiel larva 
live on willow, 
elm, poplar and 
Celtis; they are 
gregarious, and 
often strip large 
branches of their 
leaves. Thespe- 
cies is usually 
two-brooded. 
“This butterfly 
isapparently dis- 
tributed over the 
entire breadth of 
the Northern 
Hemisphere be- 


Fig. 964.—Euvanessa antiopa. low the Arctic 
Circle as far as 


the thirtieth parallel of latitude.”’ (Scudder.) 
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The Compton tortoise, Eugonia 7-dlbum.—This butterfly (Fig. 
965) resembles in its general appearance those of the genus Polygoma, 
but it is sharply distin- 
guished from them by the 
inner margin of the fore 
wings being nearly 
straight, by the heavier 
markings of the fore 
wings, and by the pres- 
ence of a whitish spot on 
both fore and hind wings, 
near the apex, and be- 
tween two larger black 
patches. On the lower 
surface of the hind wings 
there is a small L-shaped 

Fig. 965.—Eugonia j-album. silvery bar. This species 

occurs throughout Cana- 

da and the northern portion of the United States east of the Rocky 
Mountains. It is double-brooded. 

Polygénia.—The butterflies of this genus resemble the preceding 
species in having a metallic spot on the lower surface of the hind 
wings, but differ in having the inner margin of the fore wings roundly 
aotched beyond the middle. 

Ten species occur in this country. These differ principally in the 
coloring and markings of the under surface of the hind wings. The 
following are some of the more common ones. 

The green comma, Polygonia faunus.—The silvery mark of the 
hind wings is usually in the form of a C ora G, the ends being more 
or less expanded (Fig. 960, 2) but sometimes it is reduced to the form of 
an L. The lower surface of the wings is more greatly variegated than 
in any other species of this genus; and there is a larger amount of 
green on this surface than in any other of the eastern species, there 
being two nearly complete rows of green spots on the outer third 
of each wing. 

The larva feeds upon black birch, willow, currant, and wild goose- 
berry. This is a Canadian species; but it is also found in the Moun- 
tains of New England and of New York, and in the northern portions 
of the Western States, extending as far south as Iowa. It is single- 
brooded. 

The hop-merchant, Polygonia chmma.—As in the preceding species, 
the silvery mark of the hind wings is in the form of a C ora G (Fig. 
960, 3) but the general color of the lower surface of the hind wings is 
very different, being marbled with light and dark brown; and the 
green spots so characteristic of faunus are represented here by a few 
lilaceous scales on a submarginal row of black spots. 


_ Two forms of this species occur. In one, P. comma dryas, the hind 
wings above are suffused with black on the outer half, so that the 
submarginal row of fulvous spots is obsured, and on the lower side the 
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wings are more yellowish than in the other form. The latter is the 
typical form of P. comma comma. 

The larva feeds upon hop, elm, nettle, and false-nettle. It is 
often abundant in hop-yards, and the chrysalids are commonly known 
as hop-merchants, from a saying that the golden or silvery color of 
the metallic spots on the back of the chrysalis indicates whether the 
price of hops is to be high or low. Thisspecies is found in Canada and 
the northern part of the eastern half of the United States; its range 
extends south to North Carolina, Tennessee, Arkansas and Indian 
Territory. It is double-brooded in the North, and at least three- 
brooded in the South. 

The gray comma, Polygénia prégne.—In its general appearance 
this butterfly closely resembles P. comma, but it can be readily dis- 
tinguished by the form of the silvery mark, which is L-shaped and 
tapers towards the ends. It is much grayer below with a finer striate 
pattern in the male. 

The larva feeds on currant, wild gooseberry, and rarely elm. 
This species occurs in Canada and in the northern portion of the 
United States except in the extreme West. 

The violet tip, Polygénia interrogationis—This butterfly (Fig. 
960, 8.) is somewhat larger than the preceding species of Polygonia 
and differs in the form of the silvery mark, which consists of a dot 
and a crescent resembling a semicolon. It received its scientific name 
from the Greek note of interrogation, which is identical with our 
semicolon. On the upper side, the outer margins of the wings and 
the tails of the hind wings are tinged with violet, this fact suggested 
its common name. 

This species is dimorphic; and the two forms differ so constantly 
and in such marked manner that they were described as distinct 
species. In P. interrogationts tnterrogationts the upper surface of the 
hind wings is not much darker than that of the fore wings, and there 
is a submarginal row of fulvous spots in the broad ferruginous brown 
border. In P. interrogationis umbrosa the outer two-thirds of the 
upper surface of the hind wings is blackish, and the submarginal 
fulvous spots are obliterated, except sometimes faint traces near the 
costal margin. 

This species is found in Canada and throughout the United States 
east of the Rocky Mountains. 


IV. THE SOVEREIGNS 


The members of this group differ from other Nymphalidz in that 
the first three veins of the hind wings separate at the same point 
(Fig. 966); in the other nymphs the humeral vein arises beyond 
this point. The club of the antenne is very long, and increases in size 
so gradually that it is difficult to determine where it begins. In its 
thickest part it is hardly more than twice as broad as the stalk. 
The palpi are slender, and the wings are rounded. 

The larvee present a very grotesque appearance, being very ir- 
regular in form, and strongly mottled or spotted in color. 
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The following are our best-known species. ; 
The banded purple, Basilarchia arthemis.—The upper surface ot 


2d A 


Cu; 


Fig. 966.—Wings of Basilarchia astyanax. 


the wings is velvety choco- 
late-black, marked with a 
conspicuous white bow (Fig. 
967). 

This is a Canadian spe- 
cies which extends a short 
distance into the northern 
part of the United States; 
the larva feeds on birch, 
willow, poplar, and many 
other plants. 

The red spotted purple, 
Basilarchia astyanax.—The 
upper surface of the wings is 
velvety indigo-black, tinged 
with blue or green. There 
are three rows of blue or 
green spots on the outer 
third of the hind wings; 
the spots of the inner row 
vary greatly in width in 
different individuals. On 
the lower surface there is a 
reddish orange spot in the 
discal cell of the fore wings, 
and one on the discal vein; 
on the hind wings there are 
two orange spots similarly 
situated, a third at the base 
of cell R, and a row of seven 


spots just within a double row of submarginal blue or green spots. 


This species occurs 
throughout nearly the 
whole of the Eastern 
United States south of 
the 43rd parallel of lati- 
tude. The larva feeds 
on many plants; among 
them are plum, apple, 
pear, and gooseberry. 

The hybrid purple, 
Basilarchia prosérpina.— 
There is a form of Basil- 
archia which was de- 
scribed as a distinct spe- 
cies under the name pro- 


Fig. 967,—Basilarchia arthemis. 


serpina, but which is believed to be a hybrid between B. astyanax 
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and B. arthemis. See Field (10). This butterfly has the coloring of 


B. astyanax, with a portion of the white bow of B. arthemis. Tt occurs 
in a narrow belt of 


country extending 
from southern Wis- 
consin and north- 
ern Illinois east- 
ward to the Atlan- 
tic coast of New 
England. This is 
the region which 
forms the southern 
limit of the range 
of B. arthemis and 
the northern limit 
of the range of B. 
astyanax, the place 
where the two spe- Fig. 968.—Basilarchia archibpus. 

cies meet. The hy- 

brids vary greatly in the extent of the white band and the red spots. 

The viceroy, Basilarchia archippus.—The wings vary in color 
from a dull yellow orange tinged slightly with brown to a dark cin- 
namon color; they are bordered with black, and all the veins are 
edged with the same color (Fig. 968). The fringe of the wings is 
spotted with white, and the black border on the outer margin contains 
a row of white spots. 

This species is remarkable for its resemblance to the monarch 
Danaus archippus (Fig. 974). But aside from the structural charac- 
ters separating the two subfamilies which these butterflies represent, 
the viceroy*can be 
easily distinguished 
from the species it 
mimics by its smaller 
size, and by the pres- 
ence of a transverse 
black band on the 
hind wings. As Da- 
naus archipppus has 
been termed the mon- 
arch, this species is 
aptly called the vice- 
roy. 

The darva (Hig. 
969, @) when full- 
grown is about 30 mim. 


Fig. 969.—Basilarchia archippus: a, larva, 6, pupa, + 
c, nest; d, partly eaten leaf before rolled to form in length. The body 
nest. (From Riley.) is humped and naked, 

with many tubercles. 

In color it is dark brownish yellow or olive green, with a pale buff or 
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whitish saddle on the middle segment of the abdomen. The tubercles 
on the second thoracic segment are club-shaped and spiny. 

The larva of the viceroy feeds upon willow, poplar, balm of gilead, 
aspen, and cottonwood. The species is two- or three-brooded and 
hibernates as a partially grown larva in a nest made of a rolled leaf. 
(Fig. 969, c). This nest is lined with silk, and the leaf is fastened to 
the twig with silk so that it cannot fall during the winter. So faras 
is known all of the species of the sovereigns hibernate as larvee in 
nests of this kind. It is worthy of note that only the autumn brood 
of caterpillars make these nests; so that the nest-building instinct 
appears only in alternate generations, or even less frequently when the 
species is more than two-brooded. B. archippus is found over nearly 
the whole of the United States as far west as the Sierra Nevada 
Mountains, and has been found sparingly even to the Pacific coast 
near our northern boundaries. 

The vice-reine, Basildrchia archippus floridénsis.—This is a variety 
of Basilarchia archippus that is much darker than the typical form; 
the ground color of the wings resembling that of the queen, Danaus 
berenice. As it is found in the same region as the queen it is supposed 
to mimic that species, hence the popular name suggested above. 


V. THE EMPERORS 


This group is poorly represented in our fauna; our best-known 
species are the two following, which occur in the South. 

The tawny emperor, Chlorippe clyton.—In this and the following 
species the apex of the front wings and the anal angle of the hind 
wings are considerably produced in the males, but more rounded in 
the females. ‘The 
male is represented 
in Figure 970 and 
the dotted line at 
the left indicates 
the contour of the 
wings of the female. 
This excellent fig- 
ure is from the sixth 
Missouri report by 
C. V. Riley, where 
a detailed account 
of the life-history 
of the species is 
given. The wings Fig. 970.—Chlorippe clyton: a, eggs; b, larva; c, pupa; 
of this butterfly are d, upper surface of male butterfly; the dotted line at 
more or less. ob- left indicates the contour of the wings of the female. 
scure tawny, mark- Cee SL) 
ed with blackish brown, and with pale spots. There is a submargi- 
nal row of six eyelike spots on the hind wings. 
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_ .The species is dimorphic; the dimorphism affects both sexes and 
is independent, so far as is known, of season, as there is only one 
brood each year. It is the typical form Chlorippeclyton clyton that 
is figured here. The second form, Chlorippe clyton prosérpina, differs 
in having the hind wings darker and the submarginal row of eyelike 
spots wanting. 

The larva (Fig. 970, b) feeds on hackberry. 

The gray emperor, Chlorippe céltis —In this species the wings are 
russety brown marked with blackish brown. In addition to the sub- 
marginal row of six eye-like spots on the hind wings, there is one in 
cell Cu; of the fore wings. 

The larva of this species also feeds on hackberry. 


VI. THE ANAAS 


The butterflies of the genus An@a are quite distinct from any of 
the preceding divisions of the Nymphaline, although they have been 
classed with the em- 
perors. There are 
three species found 
inthe UnitedStates, 
A. portia from Flor- 
ida, A. morris6nii 
from Arizona, and 
the following one. 

The goat-weed 
butterfly, Anea dn- 
dria.—The female 
of this species can 
be easily recognized 
by Figure 971. The 
male is smaller, Fig. 971.—Anea andria. 
with wings of a rich 
dark orange, margined with brown, and without the light-colored band 
characteristic of the female. This species is found in the Mississippi 
Valley from Illinois to Texas. 


SuBFAMILY SATYRINA® 
The Meadow-browns 


This subfamily includes chiefly brown butterflies whose markings 
consist almost entirely of eyelike spots. Some western species, how- 
ever, are bright-colored. In our species some of the veins of the fore 
wings are greatly swollen at the base (Fig. 972). This character is 
not quite distinctive; for in some species of the Nymphaline that are 
found in southern Florida and in Texas near the Mexican border some 
of the veins of the fore wings are swollen at the base. 

The larvee are cylindrical, tapering more or less towards each end. 
The caudal segment is bifurcated, a character that distinguishes 
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them from all other American butterfly larvee excepting those of the 


Fig. 972.—Wings of Cercyonis alope. 


emperors, Chlorippe. 

The pup are rounded; 
in some cases the transfor- 
mation takes place beneath 
rubbish on the ground with- 
out any preparation of cell 
or suspension of the body. 

Nearly sixty species be- 
longing to this subfamily 
have been described from 
America north of Mexico. 

The eyed brown, Saty- 
rodes canthus.—The upper 
surface of the wings is soft 
mouse-brown on the basal 
half and paler beyond, con- 
siderably so in the female; 
each wing bears a row of 
four or five small black eye- 
like spots (Fig. 973). This 
species is found in Ontario, 
and throughout the eastern 
half of the United States in 
wet places. The larva feeds 
on swamp grasses; its head 
and caudal segment are each 
adorned with a pair of red 
cone-shaped tubercles. 


The grayling, Cercyonis Glope.—This species is found from the 
Atlantic to the Pacific; it occurs under several forms, some of which 


have been described as distinct spe- 
cies. —Themost common forms found 
East of the Rocky Mountains are 
the first two described below and 
intergrades between these. The ex- 
panse of the wings is from 50 to 62 
mm. The larva feeds on grass. 

(1) The blue-eyed grayling, 
Cercyonis alope alope-—The upper 
surface of the wings is dark brown; 
on the outer half of the fore wings 
there is a distinct yellow band, which 


Fig. 973.—Satyrodes canthus. 


extends from vein R; to the anal vein; in this band there are two dark 
spots with a white or bluish center. The hind wings usually bear a 
small spot in cell Cui, which is narrowly rimmed with yellow and 
has a minute white pupil. The lower surface of the hind wings is 
either with or without eye-like spots, usually with six of them. 
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This is a Southern form, which extends into the southern portions 
of New England, New York, Michigan, Wisconsin, Iowa,and Ne- 
braska; and into the northern portions of Ulinois, Indiana, and Ohio. 

(2) The dull-eyed grayling, Cercyonis alope néphele.—In this form 
the yellow band of the fore wings is either absent or represented by 
a faint pallid cloud. In other respects it closely resembles the blue- 
eyed grayling. 

This is a Northern form; the southern limits of its range overlap 
Me northern limits of the range of the blue-eyed grayling as given 
above. 


(3) The hybrid graylings.—In that narrow belt where the ranges 
of the two forms of Cercyonis alope described above overlap, all 
variations between the two types occur. In most of these intergrades 
the eye-spots of the upper side of the fore wings are surrounded by 
yellowish rings, or each of them is on a yellowish patch. 

(4) The sea-coast grayling, Cercyonis alope maritima.—Inanar- 
row belt along the Atlantic coast there occurs a form which is smaller 
than those described above, and of a dark color; this form is easily 
recognized by the color of the band bearing the eye-spots, it being 
reddish yellow. 

The White Mountain butterfly, Ginéis semidea.—The genus Cineis 
is composed of cold-loving arctic species whose natural habitat is the 
Far North; but some members of this genus are found within the 
limits of the United States. Their presence here and their distribution 
are extremely interesting. The best-known of these forms is the White 
Mountain butterfly. 

This butterfly is found only on the higher parts (above 5,000 feet) 
of the White Mountains in New Hampshire, and on the highest peaks 
of the Rocky Mountains of Colorado, above 12,000 feet. 

These two widely separated colonies of this butterfly are believed 
to be the remnants of an arctic fauna which was forced southward 
during the Ice Age. At the close of this period, as the arctic animals 
followed the retreating ice northward, the tops of these mountains 
became colonized by the cold-loving forms. Here they found a 
congenial resting place, while the main body of their congeners, which 
occupied the intervening region, was driven northward by the increas- 
ing heat of the lower land. Here they remain, clinging to these 
islands of cold projecting above the fatal sea of warmth that fills the 
valleys below. 

The White Mountain butterfly is a delicate-winged species. The 
upper surface of the wings is grayish brown, without spots, except 
sometimes a minute one in cell Mi of the fore wings; the fringe of 
the wings is brownish white interrupted with blackish brown at the 
ends of the veins. On the hind wings the marbling of the lower surface 
shows through somewhat. On the lower surface, the tip of the fore 
wings and the greater part of the hind wings are beautifully marbled 
with blackish brown and grayish white. The expanse of the wings is 
43 mm. 
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The larva feeds on Carex. The species is either single-brooded or 
requires two years for the development of a brood. 

A closely allied species, Généis katihdin, is found on Mount 
Katahdin, Maine. This is called the Katahdin butterfly. 


SuBFAMILY HELICONIINA 
The Heliconians 


This subfamily consists chiefly of tropical butterflies. They are 
of medium or rather large size, and are easily recognized by their 
narrow and elongated fore wings, which are usually more than twice 
as long as broad. Most of the species are striking in appearance, 
being black banded with yellow or crimson, and sometimes with blue. 
The discal cell of the hindwings is closed by a well-preserved vein. 
The following species is the only one found in our fauna that un- 
questionably belongs to this subfamily. 

The zebra, Helicénius chariténius.—This is a black butterfly with 
its wings banded with lemon yellow. There are three bands on the 
fore wings; on the hind wings there is a broad band parallel with the 
front wings when they are spread, a submarginal row of about fifteen 
spots, and a row of dots on the outer margin near the anal angle. 
The wings expand from 62 mm. to co mm. The larva feeds upon 
the passion-flower. This species is found in the hotter portions of 
the Gulf States. 

There are two other species found in the United States that are 
placed in this subfamily by some writers; but in each of these the 
discal cell of the hind wings is open as in the Nymphalinz. ‘These are 
the following. 

The julia butterfly, Colents jualia—This butterfly resembles the 
true heliconians in having very long and narrow fore wings, these 
being more than twice as long as broad. The upper side of the wings 
is dark reddish orange, with the margins of the wings black, 
and with a more or less distinct black band cutting off the outer 
third of the fore wings. On the lower surface the wings are pale rusty- 
red, mottled with a darker shade. The wings expand about 85 mm. 
This is a very common species in the tropics of America and is found 
in the extreme southern part of the United States. 

The gulf fritillary, Didne vanille.—In this species the front wings 
are about twice as long as broad, but the markings of the wings re- 
semble those of a fritillary more than those of an heliconian. The 
wings are reddish fulvous above; the veins of the front wings are 
black on the outer two-thirds of the wing; the black expands into 
spots at the ends of veins M; to anal; there are two white spots in 
the discal cell and one at the apex of it, each of these spots is sur- 
rounded with black; cells M3, Cuy, and Cue each contains a round 
black spot. The outer margin of the hind wings has a broad 
black border, which contains a fulvous spot in each cell. The wings 
expand from 55 mm. to 75 mm. 

The larva feeds on the passion-flower. In addition to the six 
rows of thorny spines, which characterize the caterpillars of many 
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other fritillaries, this one has on the head a pair of backward bending 
spines branched like the others. 

This species occurs from New Jersey and Pennsylvania southward, 
also in Arizona and California. 


SUBFAMILY DANAIN® 
The Milkweed Butterflies 


These butterflies are of large size, with rounded and somewhat 
elongate wings, the apical portion of the fore wings being much 
produced. The discal cells of the wings are closed; the third anal 
vein of the fore wings is preserved; and the antenne are apparently 
without scales. Only a very few species of this family occur in our 
fauna. The two following are the best-known; the others are found 
only in the extreme South or in California. 

The monarch, Danaus archippus.—The upper surface of the wings 
is light ruddy brown, with the borders and veins black, and with two 
rows of white spots on the costal and outer borders as shown in Figure 
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Fig. 974.—Danaus archippus. 


974. The figure represents a female; in the male the veins of the 
wings are more narrowly margined with black, and there is a black 
pouch next to vein Cuz of the hind wings, containing scent-scales or 
androconia. 

The larva feeds upon different species of milk-weed, Asclepzas. 
When full grown it is lemon or greenish yellow, broadly banded with 
shining black. It is remarkable for bearing a pair of long fleshy fila- 
ments on the second thoracic segment, and a similar pair on the 
seventh abdominal segment (Fig. 975). The chrysalis is a beautiful 
object; it is bright green dotted with golden spots, and about 25mm. 
in length (Fig. 976). 
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This species occurs throughout the greater part of the United 
States, and is distributed far beyond our borders. It is believed, 
however, that the species dies out each year in a large part of the 
Northern States, and that those butterflies which appear first in this 


976.—Danaus 


Fig. 975.—Danaus archippus, larva. (From Riley.) aes Peete 


ley.) 
region, in June or July, have flown hither from the South, where they 
hibernate in the adult state. In the extreme South they fly all winter. 
Great swarms, including many thousands of individuals of this 
species, are sometimes seen, late in the year; and these swarms appear 
to be migrating southward. 

The queen, Danaus berenice.—This species is found in the Southern 
States. The upper surface of the wings is reddish chocolate-brown 
with the costal margin of the front wings and the outer margins of 
both pairs bordered with black. There are two partial rows of white 
dots near the costal and outer margins of the front wings; and there 
is a larger white spot in each of the cells Rs to Cu. Themale possesses 
a black pouch containing androconia next to vein Cu of the hind wings 
as in the preceding species. The wings expand from 60 to 88 mm. 

There is a well-marked variety, Danaus berenice strigosa, in which 
on the upper surface of the hind wings the veins are narrowly edged 
with grayish white. 

The larva of this species feeds on milkweed. This larva bears 
three pairs of long, brown, whiplash filaments; these are on the second 
thoracic and the second and eighth abdominal segments. 


SuBraMiLy LIBYTHEIN 
The Long-beaks 


The long-beaks can be easily recog- 
nized by their excessively long, beak- 
like palpi, which are from one-fourth 
to one-half as long as the body and pro- 
ject straight forward (Fig. 977). The 
outer margin of the fore wings is deeply 
notched; the males have only four well- 
developed legs, while the females have six. 


Fig. 977.—Hypatus bachmanni. 
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Only two species are listed from the United States, one from Texas 
and one from the East; and these may be merely varieties of one 
species. 

The snout butterfly, H}patus bachmdnni.—The wings are blackish 
brown above, marked with orange and white spots. This species 
occurs throughout the Eastern United States, excepting the northern 
part of New England and the southern part of Florida. The larva 
feeds on hackberry, and in the West where hackberry does not occur, 
it feeds on wolfberry. 


Famity RIODINIDZ 
The Metal-marks 


The metal-marks are small butterflies, which bear some resem- 
blance to the gossamer winged butterflies. They are distinguished 
from the gossamer-winged but- 
terflies by the presence of a 
humeral vein in the hind wings, 
and from them and all other 
butterflies by the fact that the 
costa of the hind wings is thick- 
ened out to the humeral angle 
(Fig. 978). The fore legs are re- 
duced and brushlike in the males, 
normal in females. 

Only twelve species have been 
found in our fauna, and nearly all 
of these are from the Far West or 
Southwest. The two following 
species occur in the East. 

The small metal-mark, Cal- 
ephélis virginténsis—The upper 
surface of the wings is rust- 
colored, and is crossed by four or 
five more or less sinuous blackish 
lines on the basal two-thirds, and 
on the outer third by two lines of 
shining scales, that look like cut 
steel, and an intermediate row of 
black spots. The under surface 
is of a brighter rust color and 
marked as above. The expanse of 
the wingsis 20mm. Thisspecies pig, 978.—Wings of Emesis zela. 
occurs in the Southern States. 

The large metal-mark, Calephélis borealis.—The upper surface of 
the wings is dull brownish yellow, crossed by obscure transverse 
stripes; on the outer half of the wings are two lead-colored lines, with 
a row of black dots between them. The under surface is of a rather 
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dark and a pale orange; paler and duller next the base, marked with 
transverse black lines and dots, and transverse series of steel-colored 
spots. The wings expand from 25 to 30 mm. 

This is a rare butterfly; it has been taken in New York, New 
Jersey, West Virginia, Michigan, and Ilinois. 


Famity LYCANIDA 
The Gossamer-winged Butterflies 


The family Lyczenide includes butterflies which are of small size 
and delicate structure. In size they resemble the smaller Hesperiide; 
but they can be distinguished at a 
glance from the skippers, as they 
present an entirely different appear- 
ance. The body is slender, the wings 
delicate and often brightly colored, 
and the club of the antenna straight. 
The antenne are nearly always 
ringed with white; each is situated 
very closely to the edge of an eye, 
often flattening it; they are not in 
pits; and a conspicuous rim of white 
scales encircles the eyes. 

An easily-observed combination 
of characters by which the members 
of this family can be distinguished is 
the absence of one or two of the 
branches of radius of the fore wings, 
this vein being only three- or four- 
branched, and the origin of vein My 
of the fore wings at or near the apex 
of the discal cell (Fig. 979). In all 
other butterflies occurring in our 
fauna in which radius is only three- 
or four-branched (except Parnas- 
stus), vein M, of the fore wings coal- ‘Fig. 979.—Wings of Heodes thoe. 
esces with radius for a considerable 
distance beyond the apex of the discal cell. An exception to the 
characters of the Lyceenidz is presented by Feniseca, as indicated in 
the table of families, p. 739. 

A characteristic of this family is that while in the female the front 
legs are like the other legs, in the male they are shorter, without 
tarsal claws, and with the tarsi more or less aborted. 

The caterpillars of the Lyceenidz present a very unusual form, 
being more or less slug-like, reminding oneof the larveof the Eucle- 
ide. The body is short and broad; the legs and prolegs are short 
and small, allowing the body to be closely pressed to the object upon 
which the insect is moving—in fact some of the species glide rather 
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than creep; and the head is small, and can be retracted more or less 
within the prothorax. The body is armed with no conspicuous ap- 
pendages ; but some of the species are remarkable for having osmeteria 
which can be pushed out from the seventh and eighth abdominal 
segments, and through which honeydew is excreted for the use of 
ants. Certain other species are remarkable in being carnivorous; 
one American species feeds exclusively upon plant-lice. 

The chrysalids are short, broad, ovate, and without angulations. 
They are attached by the caudal extremity, and by a loop passing 
over the body near its middle. The ventral aspect of the body is 
straight and often closely pressed to the object to which the chrysalis 
is attached. 

The family Lyceenide is represented in our fauna by three well- 
marked groups of genera, which are hardly distinct enough to be 
ranked as subfamilies; these are known as the hair-streaks, the cop- 
pers, and the blues respectively. In addition to these there is a single 
species, the wanderer, the relationship of which is uncertain. 


I. THE HAIR-STREAKS 


The hair-streaks are usually dark brown, with delicate striped 
markings, which suggested their common name; but some species 
are brilliantly marked with metallic blue, green, or purple. The hind 
wings are commonly furnished with delicate tail-like prolongations 
(Fig. 980), and the eyes are hairy. The fore 
wings of the male often bear a small dull oval 
spot near the middle of the costal part of the 
wings, the discal stigma, which is filled with the 
peculiar scent-scales known as androconia. 
The males are also distinguished by having a 
tuft of hair-like scales, the beard, on the front; 
this is wanting or very thin in the females. 
More than sixty species occur in America north 
of Mexico; of these nearly twenty occur in the 
eastern half of the United States. or eS 

The banded hair-streak, Thécla cdlanus:— Pig. 980.—Thecla cal- 
In the northeastern United States the most anus. 
common of the hair-streaks is this species (Fig. 

980). The upper surface of the wings is dark brown or blackish brown. 
The under surface is blackish slate-brown nearly as dark as the upper 
surface, and marked as shown in the figure. 

The larva feeds on oak and hickory. Excepting the southern por- 
tion of the Gulf States, the species is found throughout our territory 
east of the Rocky Mountains, and in the southern part of Canada. 

The olive hair-streak, Mitoura damon.—The upper surface of the 
wings is dark brown, with the disk more or less deeply suffused with 
brassy yellow in the male or tawny in the female; the hind wing has 
two tails, one much longer than the other, both black tipped with 
white. The lower surface of the hind wings is deep green; both fore 
and hind wings are marked with white bars bordered with brown. 
(Fig. 960, 6). 
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Southern individuals have much longer tails than the one shown 
in the figure; and there is a variety, patersénia, in which the upper 
surface of the wings is all dark brown. 

The larva feeds on red cedar and smilax. This species occurs 
from Massachusetts to Florida and westward to Dakota and Texas. 

The banded elfin, Incisalia niphon.—In the butterflies of the genus 
Incisalia the fringe of the outer margin of the hind wings is slightly 
prolonged at the end of each vein, giving the wings a scalloped out- 
line; they also lack tail-like prolongations of the hind wings. 

There are several species occurring on both sides of the continent. 
One of these, the banded elfin, is represented in Figure 960, 4. In 
this species there is a distinct white or whitish edging near the base 
of the under side of the hind wing which limits a darker band that 
occupies the outer two-thirds of the basal half of the wing. 

This species occurs in the Eastern and Middle States. The larva 
feeds on pine. 

The hair-streaks described above are of moderate size and modest 
colors. The two following will serve to illustrate a somewhat differ- 
ent type. 

The great purple hair-streak, Atlides halésus—This is the largest 
of our eastern hair-streaks, the larger individuals expanding 50 mm. 
In the male the greater part of the upper surface of the wings is bright 
blue; the discal stigma, the outer fourth of the fore wings, the apex 
of the inner margin of the hind wings, and the tails are black. In the 
female the outer half of the wings is black. 

This species occurs in the southern half of the United States and 
southward. It has been found as far north as Illinois. The larva is 
said to feed on oak. 

The white-m hair-streak, Thecla m-dlbum.—This is a smaller 
species, expanding about 37 mm. ‘The upper surface of the disk of 
the wings is a rich, glossy dark blue, with green reflections; a broad 
outer border and costal margin are black. The hind wing has two 
tails, and a bright dark orange spot preceded by white at the anal 
angle. The under surface is brownish gray, and on this surface both 
wings are crossed by a common, narrow white stripe which forms a 
large W or reversed M on the hind wings. 

This species occurs in the southern half of the United States. The 
larva feeds on oak and on milk-vetch. 


II... THE COPPERS 

The coppers, as a rule, are easily distinguished from other gos- 
samer-winged butterflies by their orange-red and brown colors, each 
with a coppery tinge, and conspicuous black markings. They are 
the stoutest of the Lyceenide. Among the exceptions to the more 
common coloring of these insects are the following: In the male of 
Heodes epixanthe, a small species which frequents cranberry bogs, 
the wings have a purple tinge; and in Heodes heteronea, a species 
found from California to Colorado, the male is blue. 

Eighteen species of the group are now listed in our fauna; the two 
following will serve as examples: 
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The American copper, Heddes hypophleas.—This is the most 
common of our coppers in the Northeastern States and in Canada. 
Its range extends also along the boundary between the United States 
and Canada to the Pacific Ocean, and southward into California; 
and in the east along the Alleghany Mountains south to Georgia. 
The fore wings are orange-red above, spotted with black, and with a 
blackish brown outer border; the hind wings are coppery brown, with 
a broad orange-red band on the outer margin; this band is indented 
by four black spots. 

The larva feeds on the common sorrel (Rumex acetosella). 

The bronze copper, Heodes thoe.—This is larger than the preceding 
species, the wingsexpanding 37mm.ormore. Inthemalethewingsare 
coppery brown above, spotted with black, and witha broad orange-red 
band on the outer margin of the hind wings. The female differs in 
having the fore wings orange-red above, with prominent black spots. 

This species occurs in the Middle and Western States from the 
Connecticut Valley to Nebraska. The larva feeds on curled dock 
(Rumex crispus). 


Ill. THE BLUES 


The blues can be distinguished from the other gossamer-winged 
butterflies by the slender form of the body, and the blue color of the 
upper surface of the wings of the males at least; in many species the 
upper surface of the wings of the female is much darker than that of 
the male. Thirty-eight North American species have been described; 
but most of these occur only in the Far West. Thisisa rather difficult 
group to study owing to the fact that in several cases a single species 
exists under two or more distinct forms, and also that the two sexes 
of the same species may differ greatly. It often happens that two 
individuals of the same sex but of different species resemble each other 
more closely in the coloring of the upper surface than do the two sexes 
of either of the species. 

The spring azure, Lycena argiolus.—In this species the hind wings 
are without tails, the eyes are hairy, and the lower surface of the 
wings is pale ash-gray. This combination of characters will distin- 
guish it from all other blues occurring in the Eastern United States. 
But the species is not confined to this region, as it occurs in nearly all 
parts of the United States, in a large part of Canada, and most of 
the Old World. 

This butterfly exhibits polymorphism to the greatest degree of 
any known species. In this country alone there are thirteen or more 
named forms. Some of these are geographical races; some are seasonal 
forms; and some are distinct forms that exist at the same time and 
place as the more typical form. In the Old World many other forms 
of this species have been described. Two forms are represented in 
Figure 960, 1 and 7. 

The larva feeds on the buds and flowers of various plants, es- 
pecially those of Cornus, Cimicifuga, and Actinomeris. ‘They are 
frequently attended by ants for the sake of the honey-dew which 
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they excrete from osmeteria which they push out from the seventh 
and eighth abdominal segments. 

The tailed blue, Evéres comyntas.—The butterflies of the genus 
Everes can be distinguished from our other blues by the presence of a 
small tail-like prolongation of the hind wing. This is borne at the 
end of vein Cug. Our common species (E. comyntas) is distributed 
over nearly all parts of North America. The male is dark purplish 
violet above, bordered with brown; the female is dark brown, some- 
times flecked with bluish scales. In the Eastern United States this 
is the only species of the genus. 

The larva feeds upon clover and other leguminous plants. 


IV. GENUS FENISECA 


The wanderer, Feniseca tarquinius.—This is the only known mem- 
ber of the genus Fenzseca, the affinities of which have not been deter- 
mined. It does not seem to belong to either of 
the three groups of genera mentioned above. 
A distinctive feature of this genus is the fact 
that vein M, of the fore wings coalesces with a 
branch of radius for a considerable distance 
beyond the apex of the discal cell; in this re- 
spect it differs from all other members of the 
Fig. 981.—Feniseca Lyceenidee found in our fauna. - i 

tarquinius. The upper surface of the wings of this but- 

terfly (Fig. 981) is dark brown, with a large 

irregular, orange-yellow patch on the disk of the fore wing, and one 
of the same color next the anal angle of the hind wing. 

This species is of unusual interest, as the larva 
is carnivorous in its habits. It feeds on plant-lice; 
and, so far as observed, it feeds only on the woolly 
aphids. It is found more often in colonies of the 
alder blight (Schizoneura tessellata) than in those 
of the allied species. It is found from Maine to 
Northern Florida and westward to Kansas. Itisa 
very local insect, being found only in the neighbor- 
hood of water where alder grows. 

I do not know why the name the wanderer was 
applied to this butterfly, it may have been on ac- 
count of its local appearance in widely separated 
places, or because in habits the larva deviates far il 
from the more usual habits of caterpillars. The Fig. 982.—Chrysa- 
name is also appropriate as its nearest relatives are lis of Feniseca. 
found in Africa and in Asia. ASCE: 

The chrysalis of Feniseca presents a remarkable appearance (Fig. 
982); the anterior half when viewed from above bears a curious re- 
semblance to a monkey’s face; and it differs from all other lycaenid 


pup in our fauna in having on each side a row of small rounded 
tubercles. 


CHAPTER XXVIII 
ORDER DIPTERA* 


The winged members of this order have only two wings; these are 
borne by the mesothorax. The second pair of wings ts represented by a 
pair of knobbed, thread-like organs, the halteres, these are present in 
nearly all flies, even when the mesothoracic wings are wanting. The 
mouth-parts are formed for sucking. The metamorphosis is complete. 

To the order Diptera belong all insects that are properly termed 
flies, and only these. The word fly forms a part of many compound 
names of insects of other orders, as butterfly, May-fly, and chalcis-fly; 
but when used alone, it is correctly applied only to dipterous insects. 
To some flies other common names have been applied, as mosquito, 
gnat, and midge. 

The presence of a single pair of wings and of a pair of halteres is 
sufficient to distinguish members of this order from those of all other 
orders, except in the case of a few wingless forms. 

This is a large order both in number of species and of individuals. 
Aldrich (’05) gives a list of about eight-thousand North American 
species, distributed in more than a thousand genera. 

Different species differ greatly in habits. Some are very annoying 
to man. Familiar examples are the mosquitoes, which attack his 
person, the flesh-flies, which infest his food, the botflies and the gad- 
flies that torment his cattle, and the gallgnats that destroy his crops. 
Some species are extremely noxious, being disease carriers, as for 
example the mosquitoes that transmit malaria and yellow fever. 
Other species are beneficial. Those belonging to the Syrphide and 
the Tachinide destroy many noxious insects; and very many species, 
while in the larval state, feed upon decaying animal and vegetable 
matter, thus acting as scavengers. 

There are certain structural features of flies that are used in the 
classification of these insects and to which special terms have been 
applied. The more important of these terms are defined below; others 
are defined later in the discussion of cheetotaxy. 

The head and its appendages.—The head is very mobile, being con- 
nected to the thorax by a slender neck. It is variable in shape and in 
its relative size. 

The compound eyes are usually large, sometimes occupying a large 
part of the surface of the head. When the eyes are contiguous on the 
upper side of the head they are termed holoptic; when they are sep- 
arated more or less broadly they are termed dichoptic. In some flies 
each compound eye is divided into two parts, one of which is a day- 
eye and the other a night-eye. See page 144. 

The ocelli are usually three in number. 


*Diptera: dis (dis), two; pteron (repdv), a wing. 
(772) 
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The antenne vary greatly in form in the different families. In 


Fig. 985. Fig. 986. Fig. 987. 


the more generalized families the antenne consist of many segments, 
which, except the basal two, are, similar in form (Fig. 
983). Frequently such antennz bear whorls of long 
hairs (Fig. 984). In the more specialized families there 
is a reduction in the number of segments of the anten- 
ne. This is brought about either by a more or less 
complete consolidation of the segments beyond the 
second into a single segment (Figs. 985 and 986), or by 
a dwindling of the terminal segments, so that they form 
merely a slender style (Fig. 987) or bristle (Fig. 988). 
Such a bristle is termed the arista. In most cases where 
a style or arista exists it is borne by the third segment, Fig. 988. 
and this segment is then usually greatly enlarged. When 

the enlargement of this segment has taken place evenly 

the style or arista is terminal; but frequently one part of the third 
segment is expanded so that it projects beyond the 
insertion of the arista (Fig. 989); then the arista 
is said to be dorsal. 

The mouth-parts of flies are formed for sucking, 
and sometimes also for piercing. Their structure 
differs greatly in different families; and in some 
cases it is exceedingly difficult to determine the 
homologies of the different parts. In the more 
typical forms the mouth-parts consist of six 
bristle-like or lance-like organs enclosed in a 
sheath and a pair of jointed palpi. There are 
differences of opinion as to the homologies of 
these parts, but according to the most generally 
accepted view they are as indicated below. The 
mouth-parts of a mosquito will serve as an 
example of a comparatively generalized type. 


DIPTERA 


775 


Figure 990 represents a side view of the head of Anopheles with the 
bristle-like organs removed from the sheath. The parts are as follows: 


\ 
a 
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mx Z 
eS’ 
mp he 


Fig. 990.—Head of Anopheles. 
explained in the text. 


SAA 


~ 


Z Ee, 
Zz ép 
Z G77 =, 


(After Nuttall and Shipley.) The lettering is 


the antenne (a); the labrum or labrum-epipharynx (lr-e); the hypo- 


pharynx (h); the two mandibles 
(m); the two maxille (mx); the 
labium (1); and the maxillary 
palpi (mp). The labium is the 
sheath in which the six bristle- 
like organs are normally enclosed; 
the maxillary palpi are not en- 
closed in the sheath. At the tip 
of the labium there is on each 
side a lobe-like appendage; these 
are termed the labella. ‘The lab- 
ella are believed by some writers 
to be the labial palpi; but it seems 
more probable that they are the 
paraglossee. The labella of certain 
flies are quite large; in the house- 
fly, for example, they are ex- 
panded into broad plates, which 
are fitted for rasping. 

The frontal lunule (Fig. 991, 
f. l) is a small crescent-shaped 
sclerite immediately above the 
antennz, which is characteristic 
of the second suborder, the 
Cyclorrapha. In most members 


Fig. 991.—Head of a fly: A, antenne; 
ar, arista, E, eye; f. J., frontal lun- 
ule; f.s., frontal suture. 


of this suborder there is a suture 
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separating the frontal lunule from that part of the head above it; this 
is termed the frontal suture. Frequently the frontal suture extends 
down on each side to near the mouth (Fig. 991, f. s). 


The ptilinum is a large bladder-like organ which exists in those 
flies that have a frontal suture. The ptilinum is pushed out through 
this suture when the adult is about to emerge from the puparium. In 
this way the head end of the puparium is forced off, making a large 
opening through which the adult escapes; afterwards the ptilinum is 
withdrawn into the 
head. Ifa specimen 
is captured soon 
after its emergence 
from the puparium, 
there may be seen 
insteadofthe 
frontal suture the 
bladder-like ptili- 
num projecting 
from the head, im- 
mediately above 
the antenne. 


The thorax and 
its appendages.— 
The thoracic region 
of the body con- 
sists chiefly of the 
mesothorax, both 

: d 
Fig. 992.—Lateral aspect of thorax of Pachyrhina ferru- oe gla se 
ginea. (After Young). The thoracic segments to WIG Metathorax be- 
which the sclerites belong are indicated by the num- ing greatly reduced 
bers 1, 2, and 3. A, A, A, first abdominal segment; jin size. The thorax 
aem, anepimerum, the upper part of the epimerum; of a crane-fly (Fig 
aes, anepisternum, the upper part of the episternum; “ill ‘ 
cx, COxXa; em, epimerum of the metathorax; h, halter; 992), will serve to 
kem, katepimerum, the upper part of the epimerum; illustrate the struc- 
kes, katepisternum, the lower part of the episternum; ture of this part in 
me, meron; psc, prescutum; ps/, postscutellum; sc, the more general- 
scutum; s/, scutellum; sp, spiracle; tr, trachantin. . 
ized members of 


this order, and will 
also serve as a type 
with which to compare the thorax of the more specialized forms. 
There are differences of opinion among writers on this order re- 
garding the homologies of certain thoracic sclerities. The most ex- 
tended investigation of this subject is that of Young (’21) whostudied 
and figured the thorax of representatives of fifty-five of the fifty-nine 
families found in our fauna. I have adopted this writer’s conclusions 
regarding the homologies of the sclerites in question. 


The most distinctive feature of the wings of the Diptera is the fact 
that only the first pair are developed as organs of flight; the second 
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pair being greatly reduced in size. 
The second pair of wings are 
known as the haltéres, they are 
thread-like, enlarged at the end, 
and bear organs of special sense, 
the function of which has not 
been definitely determined. They 
are present in nearly all mem- 
bers of the order, even when the 
front wings are wanting; they 
can be easily seen in a crane-fly 
(Fig. 993). 

The fore wings are thin, mem- 
branous, and usually either naked 
or clothed with microscopic set; 4: ete ; ne 
but with mosquitoes the wings es mE ah pes ines 
bear a fringe of scale-like seta on 
the margin and usually also on 
each of the wing-veins, and in 
the moth-like flies (Psychodidz) and in some others the clothing of 
setz is very conspicuous. 


In the more generalized members of this order the venation of 
the mesothoracic wings corresponds quite closely to the hypothetical 
primitive type. Neither accessory nor intercalary veins are ever de- 
veloped, and only the principal cross-veins are present. The most 


Fig. 994.—Wing of Anisopus. 


striking divergence from this type is the fact that vein M is only 
three-branched. The wing of Anisopus (Fig. 994) is a good example 
of a generalized dipterous wing except that the branches of radius 
have been reduced. In themore specialized forms the typical arrange- 
ment of the veins has been greatly modified by the approaching and 
coalescing of the tips of adjacent veins, as shown later. 
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In many families there is a notch in the inner margin of the wing 
near its base (Fig. 995, a. e); this is the axillary excision; that part of 
the wing lying between the axillary excision when it exists, and the 
axillary membrane is the posterior lobe (Fig. 995, 2). In certain fami- 
lies the axillary membrane, the membrane of the wing base, is ex- 
panded so as to form a lobe or lobes which fold beneath the base of 
the wing when the wings are closed; this part of the wing is the alula 
or alulet. The alule are termed the squame by some writers and the 
calypteres by others. The alulee are well developed in the common 


Fig. 995.—Wing of Conops. 


House-fly. Each alula, in those species where the alule are well de- 
veloped, consists of two lobes which fold over each other when the 
wings are closed. These two lobes are designated as the upper squama 
or squamula alaris and the lower squama or squamula thoracalis re- 
spectively. The alule are called the tegule by many writers on Dip- 
tera; but the term tegula was first used in insect anatomy for the cup- 
like scale which covers the base of the wing in certain insects, as most 
Hymenoptera, and should be restricted to that use. The terms alula 
and alulet are also often misapplied, being used to designate the pos- 
terior lobe of the wing. 

The legs vary greatly in length and in stoutness. The coxe are 
usually long, and in most of the fungus-gnats (Mycetophilide) they 
are very long. When pulvilli are developed they are membranous 
pads, one beneath each tarsal claw. A third 
appendage, the empodium, often exists be- 
tween the two pulvilli of each tarsus. The 
empodia may be bristle-like or tapering (Fig. 
996) or membranous, resembling the pulvilli os 
in form (Fig. 997) in the last case they are 
described as pulvilliform. Se 

In descriptions of flies the number of 
tibial spurs borne by the different pairs of 
legs is often indicated by a brief formula, as, 
for example; “Tibial spurs 1:2:2”’ indicates that the fore tibiee bear 
each one spur; the middle tibie, two; and the hind tibze two. 


Fig. 997. 
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CHA TOTAXY 
OR THE ARRANGEMENT OF THE CHARACTERISTIC BRISTLES OF DIPTERA 


In certain families of the Diptera some of the sete with which the body is 
clothed are stout bristles, termed macrochete. In the classification of these 
families much use is made of the number, position, and arrangement of these 
bristles. This has made necessary the establishment of a set of terms by which the 
different bristles or sets of bristles can be designated. Such a terminology was 
proposed by Osten-Sacken in 1881, and is still in use with additions. 

In the choice of terms Osten-Sacken and later writers have used those that in- 
dicate the places of insertion of the bristles. But owing to the fact that the homol- 
ogies of the sclerites of the head and thorax had not been definitely determined at 
the time Osten-Sacken wrote he proposed a ‘‘purely conventional terminology” 
for the areas upon which the bristles are inserted; and in this he has been followed 
to the present time. The result is that some of the terms are misleading; as for 
example, the so-called frontal bristles are not inserted on what is really the front 
but on the vertex. But the use of these terms is so firmly established that it is not 
probable that they will be changed. In the following account I have endeavored 
to indicate the homologies of the parts named in those cases where the terms 
applied to them differ from those used in accounts of other orders of insects, and 
which are defined in Chapter II. In defining the special terms used by writers on 
cheetotaxy I have made free use of the definitions given by Osten-Sacken (’81), 
Hough (’98), Williston, ('08) and Walton (’o9). 


THE PARTS OF THE HEAD 


The homologies of the areas of the head were determined by Peterson (’16) 
who studied and figured the heads of representatives of nearly all of the families 
of Diptera found in our fauna, and who gives a diagram representing a hypothetical 
type of the head-capsule of Diptera (Fig. 998). The conclusions of Peterson are 
based on comparisons of heads of the more generalized Diptera with those of the 
more generalized members of other orders of insects; for descriptions of the 
latter see above, pages 37-40 and 96-97. 

The more important landmarks for determining the homologies of the areas of 
the cephalic aspect of the head, the region in which the greatest confusion exists, 
are the stem of the epicranial suture (Fig. 998, s. e. s); the arms of the epicranial 
suture (Fig. 998, a. e. s); and the positions of the invaginations of the dorsal arms 
of the tentorium (Fig. 998, 7. d.); and of the anterior arms of the tentorium 
(Fig. 998, 7. a.) 

In Figure 999 is given a diagram illustrating the terms applied by writers on 
chetotaxy to the areas of the head. These terms are defined below. 

The antennal fossa, fovea, or groove.—Depressed areas of the fronto-clypeus in 
which the antenne rest (Fig. 999, a. f.) 

The Bucca.—That part of the wall of the head on each side that is ventrad of 
the transverse impression, and ventrad of the eye, extending ventrad to the edge 
of the mouth opening, cephalad to the vibrissal ridge and continuing caudad on 
the gena to the caudal margin of the head (Fig. 999, 0.) 

The cheeks.—This term is used differently by different systematists; by some 
is applied to the space on each side of the head that is between the lower border of 
the eye and the oral margin, differing from the bucca only in that it does not 
extend over the caudal aspect of the head; by others it is applied to this space and 
the so-called gena of writers on chetotaxy; and by others to the so-called gena 
alone. 

The cheek-grooves.—A more or less distinct depression on each side below the 
eye. 
s The clypeus.—See fronto-clypeus. ; : ; : 

The epistoma.—The oral margin and an indefinite space immediately con- 
tiguous thereto. I ; ; 

The face.—That part of the cephalic aspect of the head lying below an imag-: 
inary horizontal line passing through the base of the antenne. (Fig. 999, Fa.). 
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The facial depression.—See antennal fossa. 

The facialia or facial ridges.—See vibrissal 
ridges. 

The front.—(a) The true front (Fig. 998, 
fr.) is the first of the unpaired sclerites be- 
tween the arms of the epicranial suture. See 
above pages 37 and 38. This term has been 
generally applied to this sclerite since it was 
proposed by Kirby (Kirby and Spence) nearly 
a century ago. (6) The so-called front of 
writers on chztotaxy is that part of the vertex 
that extends from the base of the antenne to 
the upper margin of the head (Fig. 999, Fr.). 

The frontalia.—See frontal vitta. 

The frontal orbits.—See genovertical plates. 

The frontal triangle—In holoptic flies, 
those in which the eyes are contiguous on the 
upper side of the head, the triangle between 
the eyes and the antenne, the apex of which 
is above, is termed the frontal triangle. Some 
times this term is applied to a triangle indi- 
cated by color or a depression in the corre- 
sponding position in flies with dichoptic eyes. 

The frontal lunule-—See page 775. 

The frontal suture.—See page 776. 

The frontal vitta. The median portion of 
the so-called front, extending from the base of 
the antenne to the ocelli (Fig. 999, f. v.). 

The fronto-clypeus.—This term is applied 
to the combined front and clypeus when the 
suture between them is obsolete, as is usually 
the case in Diptera. It is the part bounded 
above by the arms of the epicranial suture 
(Fig. 998, a. e. s) and below by the clypeo- 
labial suture (Fig. 998, ¢. l. s.). 


The gene.—(a) The true gene (Fig. 48, G, page 39). 
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Fig. 998.—Hypothetical type of 
head-capsule of Diptera; a. e. 
s, arms of epicranial suture; a, 
f, antennal fossa; ant, antenna; 
a. s, antennal sclerite; c, cly- 
peus; c. e, compound eye; c. lL. 
s. clypeo-labial suture; f2, fur- 
ca; f3, furca; g, galea, ge, gena; 
gl, glossa; 7. a. and 7. d, invagi- 
nations of the tentorium; /, lab- 
rum; /e, labella; m, membrane; 
md, mandible; mx. pl, maxilla- 
ry palpus; oc, ocelli; o. J, oral 
lobe; pgl, paraglossa; s. e. 5S, 
stem of epicranial suture; v, 
vertex. (From Peterson.) 


The term genz was 


introduced into entomology nearly a century ago by Kirby (Kirby and Spence) 
and was applied to the lateral portions of the epicranium, that part on each side of 
the head lying beneath and behind the eye; and has been generally used by 
writers on insect morphology in this sense. (b) The so-called genz of writers on 
chetotaxy are portions of the cephalic aspect of the head, that part on each side 
which is dorsad of the transverse impression, laterad of the arm of the frontal 
suture and mesad of the eye (Fig. 999, g). This region is ‘‘the sides of the face”’ 
of older descriptions and the parafacialia of some later writers. 

The genovertical plates —The so-called front of writers on chetotaxy (see 
above) is usually distinctly divided into three parts, a median, the frontal vitta or 
frontalia, and two lateral, the genovertical plates or parafrontalia. (Fig. 999, 


The interfrontalia.—Specialized stripes on the middle of the so-called front, 
formed from the enlarged ocellar triangle. 


The occiput.—The term occiput is applied by writers on the classification of 
the Diptera to the caudal aspect of the head, this includes the gene and post- 
gene described on page 39. 


The ocellar plate or ocellar triangle.—A triangle indicated by grooves or de- 
pressions on which the ocelli are situated. 

The orbits.—That part of the epicranium on each side immediately contiguous 
to the compound eye. ‘fhe orbit is sometimes indicated by structural characters, 
at other times it is indefinite. 

The parafacials.—The so-called genze of writers on chetotaxy. 

The parafrontals—The genovertical plates. 

The peristome.—The region around the mouth. 
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The posigene.—See page 39. 

The pttlinum.—See page 776. 

The transverse impression.—See cheek-groves. 

The torme.—A sclerite situated between the clypeus and the labrum in the 
more specialized Diptera. It is composed of two sclerites which belong to the 
lateral portions of the epipharynx and are internal in the more generalized in- 
sects; but they become exposed and united on the middle line in the more special- 
ized Diptera. In such cases the tormz are sometimes incorrectly termed the 
clypeus. See Peterson (‘16 p. 19). 

The vertex.—(a) The term vertex, as defined by Kirby (Kirby and Spence» 
1815-1826), is the dorsal portion of the epicranium; or, more specifically, that 
portion which is next the front and between the compound eyes (Fig. 998, v. v. v.) 
(0) This term is often applied merely to the top of the head. 


Fig. 999.—Diagram illustrating the terms 
applied by writers on chztotaxy to the 
areas of the head: a. f. antennal fossa; 
b, bucca; E, eye; Fa, face; Fr, the so- Pig. 1000.—Cephalic bristles: fa, fa- 


called front; f.v, frontal vitta; g, the so- cial, fr, frontal; f. 0., fronto-orbital; 
called gena; g.p, genovertical plate; 2, g. o, greater ocellar; 7. 0, lesser ocel- 
vibrissa; v. r, vibrissal ridge. lar; ve, vertical; vi, vibrissa. 


The vertical triangle.—See the ocellar plate. 

The vibrissal angles—Two prominences at the lower ends of the vibrissal 
ridges upon which are borne the vibrissz. 

The vibrissal ridges —Two ridges, one on each side, inside the arms of the 
frontal suture, constituting the lateral boundaries of the antennal fossa, and 
bearing the vibrisse (Fig. 999, v. 7). These are also termed the faczalia or facial 
ridges. 


THE CEPHALIC BRISTLES 


The ascending frontal bristles.—See frontal bristles. 
The beard.—A clothing of hair borne by the lower part of the so-called occiput 
and on the bucce. 
i The cilia of the posterior orbit.—A row of bristles along the posterior orbit of 
the eye. 
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The cruciate bristles —A pair of bristles on the lower part of the frontal vitta, 
directed inward and forward. =) 

The facial bristles —A series of bristles on either side borne by the vibrissal 
ridge, above the vibrissa (Fig. 1000, fa.). 

The facio-orbital bristles —Bristles borne on that portion of the face on each 
side next to the orbit, the so-called gena. 

The frontal bristles —A row of bristles on each side on the boundary line be- 
tween the frontal vitta and the genovertical plate. (Fig. 1000, fr.) the uppermost 
of these, from one to four in number, are termed the ascending frontal bristles; 
the lower ones, which are often directed across the frontal vitta, are termed the 
transfrontral bristles. ; 

The fronto-orbital bristles.—A bristle or bristles on the genovertical plate, 
immediately below the vertical bristles. (Fig. 1000, fo.). So named because 
they are on that part of the so-called front next to the orbit. 

The lateral facial bristles —One or two bristles sometimes present on the sides 
of the face below, towards the eye. 

The lower fronto-orbital bristles.—These are situated on the lower part of the 
genovertical plates near the eyes and are not quite in line with the fronto-orbitals. 
They are not of frequent occurrence. 

The ocellar bristles.—(a) The greater ocellars or the ocellar patr, a pair of bristles 
on the ocellar triangle just back of the median ocellus (Fig. 1000, g. 0.). (6) The 
lesser ocellar bristles, from three to twelve pairs of bristles, usually inserted in two 
parallel lines, sometimes in four, which begin very close to the insertion of the 
greater ocellar bristles and extend backward a variable distance (Fig. 1000, /. 0.). 

The occipito-central bristles.—A pair of bristles on the upper part of the occiput 
just below and almost in line with the inner vertical pair. 

The occipito-lateral bristles—A pair of bristles borne, one on each side, a 
little back of the outer vertical bristles. 

The orbital bristles —See fronto-orbital bristles. 

The postorbital bristles.—See cilia of the posterior orbit. 

The postvertical bristles —The hinder pair of the lesser ocellar bristles. 

The preocellar bristles —A pair of small bristles sometimes found below the 
median ocellus. 

The transfrontal bristles —See frontal bristles. 

The vertical bristles —Two pairs of bristles, an inner and outer pair, inserted 
more or less behind the upper and inner corners of the eyes (Fig. 1000, ve.). 

The vibrisse.—A pair of stout bristles, one on each side of the face, near or a 


little above the oral margin (Fig. 1000, 77). These are the longest or strongest of 
the bristles borne on the vibrissal ridges. 


THE THORACIC SUTURES 


The transverse suture.-—The suture between the prescutum and the scutum of 
the mesothorax. 


The notopleural or dorsopleural suture-—The suture on each side separating 
the mesonotum from the pleurum of the mesothorax. 


The mesopleural suture.—The suture on each side separating the episternum 
and the epimerum of the mesothorax. 


The sternopleural suture.—The suture on each side separating the mesopleurum 
and the sternopleurum. 


THE PLEURAL DIVISIONS 


The propleura.—The pleura of the prothorax (Fig. 1001, pr.). 
The notofleura.—A sclerite on each side at the end of the transverse suture in 


the presutural depression. (Fig. 
1001, mp.). 

The mesopleura.—The upper 
part of the episterna (anepis- 
terna) of the mesothorax (Fig. 
IOOI mes.). 

The sternopleura.—The lower 
part of the episterna (katepi- 
sterna) of the mesothorax (Fig. 
IOO1, st.). 

The pteropleura.—The upper 
part of the epimera (anepimera) 
of ae mesothorax, (Fig. 1001, 
pt.). 

The hypopleura.—The lower 
part of the epimera (katepimera) 
of the mesothorax (Fig. roor, 
hy.). 

The metapleura.—The pleura 
of the metathorax. 


OTHER TERMS FOR PARTS 
OF THE THORAX 
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Fig. 1001.—Diagram of the thorax of a fly 


illustrating the terms applied by writers on 
chetotaxy to the areas of the thorax. The 
positions of the more important bristles 
are indicated by dots: cx, cx, cx, coxe; h. 


c, humeral callus; h, halter; hy, hypo- 
pleura; mes, mesopleura; np, notopleura 
or presutural depression; po. c, postalar 
callus; pr, propleura; pt, pteropleura; s, 
scutellum; sq, sg, squamze or calypteres; 
st, sternopleura; w. 6. wing-base. (After 
Riley and Johannsen.) 


The alar frenum.—A little 
ligament dividing the supraalar 
cavity into an anterior and a 
posterior part. 

The humeral callus.—Each of 
the anterior lateral angles of the 
prescutum of the mesothorax, 
usually a more or less rounded 
tubercle. (Fig. 1001, fh. c.). 

The prealar callus——A not 
very prominent projection, situ- 
ated before the root of the wing, on each side of the mesonotum, just bacl< of the 
outer end of the transverse suture. 

The postalar callus.—A more or less distinct rounded swelling on each side, 
situated between the root of the wing and the scutellum. (Fig. 1001, po. c.). 

The presutural depression.—A depression, usually triangular in shape, at the 
outer end of the transverse suture, near the notopleural suture (Fig. 1001, mp). 

The supraalar groove or cavity—A groove on the mesothorax immediately 
above the root of the wing. 

The scutellar bridge-—A small ridge on either side of the scutellum connecting 
it with the scutum, crossing the intervening suture. 


THE THORACIC BRISTLES 


The acrostichal bristles —Two rows of bristles, one on each side of the mediau 
line of the mesonotum, the two rows nearest to the median line (Fig. 1002, a). 
Those in front of the transverse suture are termed the anterior acrostichals or 
preacrostichals; those behind this suture, the posterior acrostichals or postacrostt- 
chals. . 

The anterior acrostichals.—See the acrostichal bristles. 

The discal scutellar bristles —See the scutellar bristles. 

The dorsocentral bristles—A row of bristles on each side next to and parallel 
with the acrostichals bristles (Fig. 1002, dc). Those before the transverse suture 
are termed the anterior, those behind, the posterior, or postsutural dorsocentrals. 

The humeral bristles —One or more bristles inserted on the humeral] callus. 


(Fig. 1002, h m). 
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The hypopleural row.—A row of bristles extending in a more or less vertical 
direction on the hypopleura, usually directly above the hind coxe. They are 
sometimes grouped into a tuft. (Fig. 1001). ; ; 

The inner dorsocentral bristles.—These are the acrostichal bristles. 

The intraalar bristles —A row of two of three bristles between the supraalar 
group and the dorsocentral 
bristles (Fig. 1002, 7. a). 

The intrahumeral bristles. 
—These are the same as the 
presutural bristles. 

The marginal 
bristles—See the 
bristles. 

The mesopleural row.—A 
row of bristles inserted on the 
mesopleurum, near its dorso- 
caudal angle, or along its 

Cyt © caudal margin. (Fig. 1001). 
oie \ denies The metapleural bristles. — 
A fan like row on the meta- 
pleurum conspicuous in some 
families but not found in the 
Calypterate. 

The notopleural bristles. — 
Usually two bristles, inserted 
immediately above the dorso- 


scutellar 
scutellar 


Fig. 1002.—Thoracic bristles: a, acrostichal; 


dc, dorsocentral; ds. dorsoscutellar; hm, hum- 
eral; ia, intraalar; ms, marginal scutellar; 
npl, notopleural; pa, postalar; ph, posthum- 
eral; pr. presutural; sa, supraalar; /.  sq., 
lower squama or calypter; u. sq. upper squama 


pleural suture, between the 
humeral callus and the root 
of the wing, on the noto- 
pleura. (Fig. 1002,” pl). 

The postacrostichals.—See 
the acrostichal bristles. 


or calypter; w. b, wing-base. (After Riley 


Th tal bristles.— 
and: Tolannsen.) 1@ postalar  orisiles 


Bristles on the postalar callus 
back of the supraalar bris- 
tles. (Fig. 1002, pa). 

The posthumeral bristles. 
—One or more bristles situated on the prescutum near the inner margin of the 
humeral callus. (Fig. 1002, ph.) 

The preacrostichals.—See acrostichal bristles. 

The prealar bristle-—A bristle found in the Anthomyiide inserted just back of 
the transverse suture in line with the supraalar bristles. (Fig. 1002, pra). 


The prescutellar row.—A row of bristles in front of the scutellum consisting of 
the hindermost dorsocentral and the acrostichal bristles. 


The presutural bristles—One or more bristles situated immediately in front of 
the transverse suture, above the presutural depression. (Fig. 1002, pr.). 


The propleural bristles—A bristle or bristles inserted on the lower part of the 
pleurum of the prothorax, immediately above the front coxa. 


The prothoracic bristle —The same as the propleural bristle. 
The pteropleural bristles —Bristles inserted on the pteropleura. 


The scutellar bristles.—(a). The dorso-scutellar bristles., usually a single pair of 
bristles, borne on the dorsal portion of the scutellum, one on each side of the 
median line, slightly behind its middle. (Fig. 1002, ds). (6) The marginal scu- 
tellar bristles, usually a distinct row of large bristles borne on the margin of the 
scutellum (Fig. 1002, ms). 


The sternopleural bristles;—One or several bristles on each sternopleurum 
below the sternopleural suture and near it. 


The supraalar bristles. —Usually one to four bristles above the root of the wing, 
Setween the notopleural and the postalar bristles. (Fig. 1002, sa). 
The trichosticnal bristles—The same as the metapleural bristles. 
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THE BRISTLES OF THE LEGS 


The extensor row.—A row of bristles on the upper surface of femur. 
The flexor row.—One or more rows of bristles placed along the lower surface of 
the femur. 


_ The preapical bristle-—A large bristle found on the extensor side on the distal 
third of the tibia in some families of the Acalyptrate; it is quite distinct from the 
tibial spurs. This term is sometimes used for a bristle on the femur. 


gielioe tibial spurs.—One or more bristly spurs placed at the distal end of the 
ibia. 


THE ABDOMINAL BRISTLES 


_ The discal bristies.—Usually one or more pairs of bristles inserted near the 
middle of the dorsal wall of the abdominal segments before the hind margin. 


The lateral bristles——One or more bristles situated on or near the lateral 
margins of the abdominal segments, above. 


The marginal bristles.—Bristles inserted on the posterior margin of the ab- 
dominal segments, above. 


Flies undergo a complete metamorphosis. The larve are com- 
monly called maggots. These are usually cylindrical and are footless. 
In the more generalized families the larve possess a distinct head; but 
in the more specialized Diptera there is an anomalous retarding of the 
development of the head; with these the rudiments of the head are 
invaginated within the body of the larva and the head does not be- 
come exposed until the pupal stage is reached. The development of 
the head in tkese insects is described in Chapter IV. The pupe are 
usually either naked or enclosed in the last or the next to the last 
larval skin. , A few are enclosed in cocoons. When the pupa state is 
passed within the last larval skin the body of the pupa separates from 
the larval skin more or less completely; but the larval skin is not 
broken till the adult fly is ready to emerge. . In this case the larval 
skin, which serves as a cocoon, is termed a puparium. In some fam- 
ilies the puparium retains the form of the larva; in others the body 
of the larva shortens, assuming a more or less barrel-shaped form 
before the change to a pupa takes place. 


SYNOPSIS OF THE DIPTERA 


Suborder ORTHORRHAPHA. The Straight-seamed Flies. p. 794. 
Series I—NeEmocerRA. The Long-horned Orthorrhapha. p. 795. 
Subseries A.—The TRuE NEMOCERA. 
The Crane-flies. p. 795. Superfamily TrpULOIDEA 
The Primitive Crane-flies. p. 796. Family TANYDERIDA 
The Phantom Crane-fly Family. p. 796. Family PTycHOPTERIDA 
The So-called False Crane-flies. p. 797. Family ANrsopIp@ 
The Typical Crane-flies. p. 798. Family TrpuLipa 
The Dixa midges. p. 800. Family Drxip# 
The Moth-like Flies. p. 801. Family PsycHopipz 
The Midges. p. 802. Family CHIRONOMIDA 
The Mosquitoes. p. 804. Family CuLicipa& 
The Fungus-gnats. p. 810. Family MycrropHiLip& 
The Gall-gnats. p. 813. Family CECIDOMYIIDA 
Subseries B.—The ANOMALOUS NEMOCERA. 
The March-flies. p. 820. Family BIBIONIDA 
The Scatopsids. p. 821. Family ScATopsip& 
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The Black-flies. p. 821. Family SrmuLnpz 

The Net-winged Midges. p. 824. Family BLEPHAROCERIDA 

The Solitary-midge. p. 828. Family THAUMALEID 

Series IJ.—BracHycera. The Short-horned Orthorrhapha. p. 828. 
Subseries A.—THE ANOMALOUS BRACHYCERA. 

The Horse-flies. p. 829. Family TABANIDA 

The Soldier-flies. p. 830. Family StTRATIOMYIIDA 

The Xylomyiids. p. 832. Family XyLOMYIIDA 

The Xylophagids. p. 833. Family XYLOPHAGIDZ 

The Coenomyiids. p. 834. Family C@NOMYIID& 

Subseries B.—THE TRUE BRACHYCERA. 

The Snipe-flies. p. 834. Family RHAGIONID# 

The Tangle-veined Flies. p. 836. Family NEMESTRINIDZ 

The Small-headed Flies. p. 837. Family AcRocERIDz 

The Bee-flies. p. 838. Family BompyLiip® 

The Stiletto-flies. p. 839. Family THEREVIDZ 

The Window-flies. p. 839. Family SCENOPINIDZ 

The Robber-flies. p. 840. Family AsILIDa 

The Mydas-flies. p. 842. Family MypaIbz 

The Apiocerids. p. 842. Family APIOCERIDA 

The Long-legged Flies. p. 843. Family DoLicHoPpopip=® 

The Dance-flies. p. 845. Family Emprprp 

The Spear-winged Flies. p. 846. Family LoNCHOPTERIDZ 

Suborder CyCLORRHAPHA. The Circular- seamed Flies. 

Series I—AscuizA. Cyclorrhapha without a frontal suture. 
The Humpbacked Flies. p. 847. Family PHORID@ 
The Flat-footed Flies. p. 848. Family PLATYPEZIDA 
The Big-eyed Flies. p. 849. Family PIPUNCULIDZ 
The Syrphus-flies. p. 850. Family SyRPHIDZ - 

Series Il —ScuizorpHora. Cyclorrhapha with a frontal suture. 
Section I—Myoparia. The Muscids. 

Subsection I—AcaLyptrat&. The Acalyptrate Muscids. 
The Thick-headed Flies. p. 853. Family Conor 
The Dung-flies. p. 854. Family CoRDYLURID& 
The Clusids. p. 854. Family CLustupa 
The Helomyzids. p. 854. Family HELomyzipa& 

The Borborids. p. 855. Family BornorIb& 

The Phycodromuids. p. 855. Family PHyCcOoDROMIDA 
The Sciomyzids. p. 855. Family SclomyzIp& 

The Sapromyzids. p. 856. Family SAPROMYZIDE 
The Loncheids. p. 856. Family LoncHa&IDz 

The Ortalids. p. 856. Family OrrALip& 

The Trypetids. p. 858. Family TrRypETIDz& 

The Tanypezids. p. 858. Family TANYPEZzIDA 
The Micropezids. p. 858. Family MicropEezIpa& 
The Sepsids. p. 858. Family SEpsipas 

The Piophilids. p. 858.. Family PropHiLip# 

The Psilids. p. 859. Family Psmtipa 

The Diopsids. p. 859. Family Diopsip# 

The Canaceids. p. 859. Family CANACEIDA 

The Ephydrids. p. 859. Family Epayprip& 

The Chloropids. p. 860. Family CHLoRoPIDa 
The Asteiids. p. 860. Family ASTEIIDa 

The Drosophilids. p. 860. Family DrosopHILiIpa# 
The Geomyzids. p. 861. Family Gromyzipa 
The Agromyzids. p 861. Family AGRomMyzIDa 
The Milichiids. p. 862. Family Mmicaipa 
The Ochthiphilids. p. 862. ‘Family OcHTHIPHILID® 

Subsection II. Catyprrar®. The Calyptrate Muscids, 
Superfamily ANTHOMYIOIDEA 

The Anthomyiids, p..863. Family ANrHomMy1ID2® 
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Superfamily Muscorpka. 
The Bot-flies of Horses. p. 864. Family GAsTROPHILIDA 
The Cstrids. p. 866. Family strip& 
The Phasiids. p. 868. Family PHAsims: 
The Megaprosopids. p. 869. Family MEGAPROSOPIDa 
The Blow-fly Family p. 869. Family CALLIPHORIDa 
The Sarcophagids. p. 870. Family SARCOPHAGIDA 
The Tachina-flies. p. 871. Famity TACHINIDA 
The Typical Muscids. p. 872. Family Muscipa 
Section II. PUuprpara. 

The Louse-flies. p. 874. Family Hiprpoposcipa 

The Bat-ticks in part. p. 875. Family STREBLIDA 

The Bat-ticks in part. p. 875. Family NycCTERIBIIDa 

The Bee-lice. p. 876. Family BRAULID& 


TABLES FOR DETERMINING THE FAMILIES 


OF THE DIPTERA 


Table AA—DIPTERA WITH WELL DEVELOPED WINGS. 


A. Flies in which the abdomen is distinctly segmented, and the two legs of each 
thoracic segment are not widely separated. Habits various, but the adults do 
not live parasitically upon either Lirds or mammals. 

B. Antenne consisting of more than three segments. (Note that a style or 
arista borne by the third segment is not counted as a segment.) 

Antenne consisting of more than five distinct segments, the segments 
beyond the second not consolidated; cell 1st A of the wings but slightly 
narrowed at the margin of the wing, if at all; palpi usually elongate, and 
composed of from three to five segments. 

Small moth-like flies, with the body and wings densely clothed with 
hairs and scales. Wings with from nine to eleven longitudinal veins 
but with no cross-veins except sometimes near the base of the wings. 
(EIGRETOTA) se PASO Lae ees 3 SAD, fie cutee erst cas siareie on PsYCHODID 

DD. Flies that do not resemble moths in appearance. 
E. Mesonotum with a distinct V-shaped transverse suture. 


F. The radial sector four-branched. p. 796.......... TANYDERIDE 
FF. The radial sector with less than four branches. 
G. With only one anal vein. p. 796 Side abode ates PTYCHOPTERIDA 
GGr aWathyiwo analsveins.sps 798.4. cite ce alot ole) sis TIPULID 


EE. Mesonotum without a distinct V-shaped suture. 
F. Media three-branched (Anisopus and Trichocera). p. 797.. 


SEE ay A Ae, Sores be Sas CLAN OLLI TE SO BEAT Gah tale Raves ANISOPID 


FF. Media simple, two-branched, or wanting; cell M:2 is not divided 
by a cross-vein. 

G. Wings with a network of fine lines near the outer and inner 

margins in addition to the veins (Fig. 1048). p. 824....... 


Site ak 5 SIM. tha © es eh ALO RR, SY TI SER BLEPHAROCERIDAE 


GG. Wings without a network of fine lines. 


Ele 


The margin of the wings a each of the wing-veins fringed 


with scales (Fig. 1019). S OANe oe sere ter tence CuLIcIpa 
HH. The wing-veins with oe without a fringe of hairs, but 
without a fringe of flat scales. 


il 


Anal veins entirely wanting; vein M wanting or at most 
represented by a single unbranched fold. p. 813..... 
EROS ess Saad oct GRE ee he ot ors eon ae es CECIDOMYIID 


II. Anal veins usually present or represented by folds; vein M 


present or at least represented by a fold which is usually 
branched. 
J. Ocelli present. 
K. Antenne shorter than the thorax; coxe not un- 
usually long. 
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L. Cross-vein m-cu present. p. 820... BIBIONIDZ 
LL. Cross-vein m-cu wanting. p. 821.SCATOPSID#. 
KK. Antenne usually longer than the thorax; legs 
slender and usually with greatly elongate coxe. ; 
L. Vein m-cu present, the first branch of the radial 
sector, vein R. +3, arising slightly proximad of 
vein m-cu. (Mycetobia) pp. 797.....ANISOPIDA 
LL. Vein m-cu present or absent, when present the 
forking of the radial sector is distad of it. 
M. Eyes rounded or oval. p. 810. MYCETOPHILIDAt 
MM. Each eye with a narrow expansion, the two 
expansions extending behind the antenne and in 
front of the ocelli, and meeting on the middle line 
of the head or nearly so. 
N. With tibial spurs; larvee with well-developed 
head. (Sciarine) p. 812..... MyYCETOPHILIDA 
NN. Without tibial spurs, larvee with a poorly 
developed head (Lestremiine). p. 816...... 
BER ea the Bait i athe <ROeR HURNOTEC © CECIDOMYIID 
JJ. Ocelli absent. ; 
Antenne short, not clothed with long hairs, and with 
most of the segments wider than long; wings very 
broad? pay 820 Sov. ccovene che aeroieet Citas SIMULIID 22 
KK. Antenne either bushy, being densely clothed with 
long hairs, or slender with narrow segments; wings 
nariow or moderately broad. 
L. Wing-veins well-developed on all parts of the wing 


M. Vein R, ending at or near the end of the second 

third of the costal margin. p. 828. THAUMALEIDE 
MM. Vein R,: ending on the outer margin of the 
WINGS, Dig SOO tbe) iegseotle s-opskank Chae eeseie DIxID2 


LL. Wing veins much stouter near the costal margin 
of the wing than elsewhere. p. 802.CHIRONOMIDA 


CC. Antenne either consisting of four or five distinct segments or consisting 
of five or more segments, with those beyond the second more or less closely 
consolidated so as to appear as a single segment consisting of several sub- 
segments. (Figs. 985, 986); cell 1st A closed by the coalescence of the 
tips of veins Cuz and 2nd A, or greatly narrowed at the margin of the 
wing; palpi rarely elongate, and composed of from one to three segments. 
D. Antenne consisting of four or five distinct segments, empodia 

wanting or bristle-like. 
E. The first branch of media terminating at or before the apex of the 
WING) PYSADLGL. Bes sane aeolian Us Sete taap ie ee meet ie Mypaiba 
EE. The first branch of media terminating on the outer border of the 

wing. 

F, The vertex of the head sunken, the eyes bulging and never con- 
TIQTIOUS? PSA Oe Bran ames tiact la se ounce sia ere c rane ASILIDA. 
The vertex of the head plane or convex, the eyes not bulging; 
CHES OF mBIES Oiusn Cowmmemnore, jor GASsccscousaa- BoMBYLIID2. 


DD. Antenne consisting of five or more segments but with those beyond 
the second more or less closely consolidated; empodia resembling 
pulvilli in form. 

(Dio) ANS. BUI ENFRES SO, BAe ocacacoobocconsaod00s0dc TABANIDZ 


KE. The alulets small or vestigial. 
F. The branches of radius crowded together near the costal margin; 
tiles Wallets SOW, jo, BaOrccocccoessocacc- STRATIOMYIIDA® 
FF. The branches of radius not crowded together near the costal 
ee foun ne of the tibize with spurs. 
: e 7 ClOSEC [Sp RS 32 Buaeenalaw. a svbercct aac XYLOM 
GG. Cell M; open. ae Mince 
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H. Scutellum without spinous protuberances. p. 833....- 

JACI AAAS aad EEA Pare Gen cto kone oe XYLOPHAGID 

HH. Scutellum with two spinous protuberances. p. 834... 

Beata Pree itetet acl ney. wis etree dt ieee: | CCENOMYIID AG 

BB. Antenne consisting of not more than three segments; the third segment 
either with or without a style or an arista, but not divided into subsegments. 
C. Antenne consisting apparently of a single globular segment bearing a 
long arista; wings with some stout veins near the costal margin and other 
weaker veins extending across the wing unconnected by cross-veins 
(EIGRBLOOO) SPN. G475 vs hee See ae a taal cei Na ORR ROE: PHORID 


Figure 1099. p 847. 
D. Cells M and Ist M, not separated. (See Figures 1094 and 1095, p. 844 
for examples of this type of wing-venation). 

E. Vein R with a knot-shaped swelling at the point of separation of 
veins R. + 3; and R, + ;; the cross-vein r-m at or near this swelling 
when present; frontal suture absent. p. 843....... DovicHoropipé 

EE. Vein R with or without a swelling at the point of separation of 
veins R, +; and R, + ;; the cross-vein r-m more remote from the 
base of the wing; the frontal suture present. (Muscoidea). Pass to 
Table B. 

DD. Cells M (or 2d M) and Ist M; separate. 
E. Radial sector three-branched. 
F. Venation intricate due to an unusual anastomosing of the veins 
(RigtwerO77 = per esOe eck ee er eee ae NEMESTRINID 
FF. Venation not of the type represented by Figure 1077. 
G. Vertex of the head distinctly hollowed out between the eyes; 
Cycom eve CONUPUOUS] (D-  OLOM emt eer eee ASILIDA 
GG. Vertex of the head not hollowed out between the eyes; eyes 
often contiguous in males. 
Eee aluicts= very larses p= O37. mies ae cee se ACROCERIDA 
HH. Alulets small or rudimentary. 
I. Cell M; present. 
J. Vein R; ending before the apex of the wing. p. 842.. 


Sue stontnes ac NOE Ser are ae ON ROC rae EITC APIOCERID 
JJ. Vein R; not ending before the apex of the wing. 

K. Empodia pulvilliform. p. 834..... RHAGIONID 

Kk Bimpodial wanting) apa 63906. re. THEREVIDA 


II. Cell M; obliterated by the coalescence of veins M, and Cur. 
J. Third segment of the antenne without a style or an 
arista; vein M, ending at or before the apex of the wing. 
PASO ete ene oe rmberet ate set cua aiate ake SCENOPINID4E 
JJ. Third segment of the antenne usually with a style or an 
arista; vein M; ending beyond the apex of the wing. 
K. Vein Cuz extending free to the margin of the wing or 
coalesced with vein 2d A for a short distance at the 
MALOU Ole DLC Wit Sam DmOG > aemmeretnietnels BOMBYLID2 
KK. Vein Cuz joining vein 2d A far from the margin of 
the wing, often extending towards the base of the wing 
POOL Sit eckatal aeteeale Merete whats taeeoeenet ole rer ehalev enone Empipipa 


EE. Radial sector with not more than two branches. 
F. Wings lanceolate and with no cross-veins except at the base. 


(dis, ENC) ao. Sond xh eromancnind dha igre a diboglow as LONCHOPTERIDA® 
FF. Wings not of the type represented by Figure 1097. 
G. Empodia pulvilliform. p: 837....... ROROCOUE ACROCERID 


GG. Empodia not pulvilliform. 
H. Vein Cu, not coalesced with vein 2d A to such an extent as to 
cause the free part to appear like a cross-vein. 
I. Antenne with a terminal style or arista. 
J. Antenne with a terminal arista. p. 848. PLATYPEZID& 
JJ. Antenne with a terminal style. 
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K. Front with grooves or a depression beneath the 


antennzen 1853 eee ck eee CONOPID 
KK. Front convex beneath the antenne. p. 850.... 
SYRPHIDA 


II. Antennz with a dorsal arista. : 

J. Head extremely large, and with nearly the entire surface 
occupied by the eyes. (Fig. 1103). p. 849. PIPUNCULIDE 
JJ. Head not of the type represented by Figure 1103. 
K. Wings with a vein-like thickening, the spurious vein, 
between veins R and M. p. 850....... SYRPHID 

KK. Wings without a spurious vein. 
L. Front with grooves or a depression beneath the 


antenney p85 smaepieciedce soe ke CONOPID 
LL. Front convex beneath the antenne. p. 850.. 
S| Nib, dora) erage Serotadlots nepesd og rele ye ae ees SYRPHID2 


HH. Vein Cu, appearing as a cross-vein or curved back towards 
the base of the wing (Figs. 1096 and 1115). 
I. Antenne with a terminal style or arista. p. 845. EMPIDID 
II. Antenne with a dorsal arista. 
. Proboscis vestigial; mouth opening small; palpi wanting 
(Bot- flies) Pass to Table B. 
JJ. Proboscis not vestigial; palpi present in most cases. 
K. Frontal suture present (Myodaria). Pass to Table B. 
Kike Frontal suture absent. pa) 8455-2. EMPIDID 
AA. Flies in which the abdomen is indistinctly segmented, and the two legs of 
each thoracic segment are widely separated by the broad sternum. The adults 
live parasitically upon birds, or mammals. 
B. Head sunk in an emargination of the thorax; eyes round or oval; palpi 
forming a sheath for the proboscis, not projecting in front of the head. p. 874. 


ee ee a er a em | Oh ok adc enone secs HipPPOBOSCID2 
BB. Head with a fleshy movable neck; eyes wanting or vestigial; palpi pro- 
jecting leaf-like in front of the head. p. 875............----- STREBLIDZ 


TABLE B.—THE FAMILIES OF THE MYODARIA 


A. The alule or calypteres small or rudimentary; the subcostal vein often in- 
distinct or vestigial, but sometimes well-preserved; vein R; shortened and 
often very short; thorax without a complete transverse suture; postalar callus 
usually absent. (Subsection 1—Acalyptrate). 

B. Subcosta distinctly separated from vein R; and ending in the costa notice- 
ably before Ri, the latter ending near or beyond the middle of the wing in 
most cases. 

C. Oral vibrisse present and distinctly differentiated from the hairs of the 
peristome. 
D. A distinct costal break or scar proximad of the tip of R; near the 
apex of Sc. 
E. The postvertical bristles are divergent or parallel or wanting. 

F. The frontals are convergent (lacking in Hydromyza) and stand 
nearer the median line than the fronto-orbitals. Abdominal 
spiracles in most cases in the chitin. p. 854........ CORDYLURIDA 

FF. The frontals absent, or if present and convergent stand in line or 
laterad of the line of the fronto-orbitals; transverse suture in- 
terrupted in the middle; anal vein does not reach the wing-margin; 
cross veins in most cases approximated; abdominal spiracles in the 
OPA HENNE OMIYU, CSM Soe E Saco acco abn ounoea nade oe CLUSHDA 

EE. Postvertical bristles convergent, costa of wing in nearly all cases 

with a row of spines projecting beyond the ciliation. p. 854 
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EE. Palpi well-developed; ‘front’ and face bristly; anal vein pro- 
duced to the wing-margin. Seashore flies. p. 855... PHYCODROMIDE 
CC. Oral vibrisse not differentiated from the peristomal hairs. 
D. Legs very long and stilt-like; tibie usually without preapical bristle; 
cell R; constricted at the wing-margin. 
E. Proboscis greatly elongate and folding near its middle; arista 
terminal; ovipositor very long (Stylogaster) p. 853...CONOPIDA* 
EE. Proboscis short; arista dorsal; ovipositor not lengthened. 
F. Bucce and posterior orbits narrow. p. 858....TANYPEZIDA 
Bee UCC broad Sapam 5 Sven amen een eras fates. MICROPEZID 
DD. Legs not long and stilt-like. 
E. Preapical tibial bristles present; ‘‘ovipositor’”” membranous and re- 
tractile. 
F. Postvertical bristles well-developed and converging. 
Anal vein produced to the wing margin; last tarsal segment 
enlargedfand sflatepmesssterecaies fees. ee PHYCODROMIDZ& 
GG. Anal vein not produced to the wing margin; last tarsal 
SCLINEHiMOLMal we Po SSOA arene kets co cieee tea SAPROMYZID4E 
FF. Postvertical bristles parallel or diverging, rarely lacking. p. 855. 
EN TY eT Se eats eters See eer SCIOMYZIDA& 
EE. Preapical tibial bristles absent, if present in exceptional cases, the 
ovipositor horny and not wholly retractible, or the cell 1st A of the 
wing drawn out into a lobe, or vein R; bristly above. 
F. Ovipositor membranous, retractile; vein R: bare above; cell Ist 
A without acute process or lobe. 
G. Palpi well-developed; postvertical bristles converging or 


Wanting PMMlsO2Hew, a are meme eee es wae OCHTHIPHILIDA 
GG. Palpi vestigial; postvertical bristles divergent; the “front’’ 
not bristly except at the vertex. p. 858............. SEPSIDA 


FF. Ovipositor horny, not wholly retractible; postvertical bristles 
not converging; palpi present. 

G. The costal break or scar is located just proximad of the tip of 
vein Sc; cell M and the cell 1st A small, the latter with rounded 
apex; only one fronto-orbital bristle. p. 856..... LONCHAIDZE 

GG. Costa either unbroken or if broken there is also a trace of a 
break basally, indicated by a dark or light scar or constriction; 
cell M and cell 1st A large, the latter in many cases with a sharp 
angle or prolonged into a lobe; or the costa with a strongly 
marked stigma due to an abrupt double curve in vein R; near its 
tip and the second tergite of the abdomen with at least one long 
Dristlevonmea chisiden per 50m cr tree rene niele 3 ne scar ORTALIDA 


BB. Subcosta absent, or vestigial, or running very close to vein R; and ending 
with it in the costa before the middle of the wing, or evanescent at the tip. 


C. Head produced on each side into a lateral process bearing the eye. p. 859. 
2 cee PE ENE OSE LMS CSS RNERERE TRE ORET OCONEE CONES Mer Fee EN rarer cee Dioprsipée 


CC. The eyes not stalked. 
D. First segment of hind tarsi swollen and in most cases shorter than the 
second segment; oral vibrissee present. p. 855.........-- BorBORID 
DD. First segment of hind tarsi normal. 

E. Subcostal vein evanescent at the tip, where it turns sharply forward 
at some distance before the tip of vein R:; wings nearly always pic- 
tured; cell 1st A angular or drawn out into an acute lobe; no pre- 
Apicalntipial Drist en pen 5 Omen rey terre steerer ace teen er TRYPETIDA& 

EE. The subcosta runs very close to R; or is fused with it either wholly 
or in part but only in a few cases suddenly interrupted at the tip, in 
which case the wing with a fold extending across from the costal 
fracture to the tip of cell M. 

F. Cell 1st A wanting. 


*See Table A for distinctive characters of those Conopide in which the free 
part of vein Cu. does not appear like a cross-vine. 
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G. Subcosta vestigial or) only basally indicated as a fold; costa 
fractured but once; cell M and anal vein wanting; ocellar tri- 
angle large and conspicuous; head bristles but feebly developed. 
Eee hemo cig bao cena ttacts Shiney GarraGme $a CHLOROPID 

GG. Subcosta developed basally at least; ocellar triangle in most 
cases not conspicuous; head bristles well-developed. 

H. Costa twice fractured, basally and near the tip of Ri; arista 


never feathered!) below.s pine 59eerm eee ee oe EPHYDRID 
HH. Basal fracture of the costa indistinct; cell R; very long, 
the bounding veins converging. p. 860......... ASTEIIDA 


FF. Cell 1st A present though in some cases quite small. : 
G. Basal cells M and 1st A large; wings with a fold extending 
across from the costal fracture to the tip of cell M; frontal 
Wakil CoayjoleowOos, jy Eh ancecconocounconhcees PsILIpzs 
GG. Basal cells M and 1st A small; wings without a fold. 
H. Arista plumose, in rare cases pectinate; wing with two costal 
fractures; vibrisse present. p. 860.--....-.. DROSOPHILID © 
HH. Arista bare or pubescent; if in a few cases plumose then 
costa of wing with but one fracture which is situated dis- 
tinctly before the tip of R:. 
Torme large and distinctly projecting; vein Se distinctly 
isolated at its extremity; ocellar triangle large nearly attain- 
ing the base of the antennz; costal fracture close to the 


tip sofy Reine 850s te: eee CANACEIDZE 
II. Torme small and not projecting, or differing in other 
characters. 


J. Anterior part of the ‘‘front’’ not bristly; postvertical 
bristles not converging; cells M and 1st M. not confluent; 
Se distinct to the tip; arista bare. p. 858... PIOPHILIDZ 

JJ. Not such flies. 


K. Costa broken twice; proboscis in most cases genicu- 
late; postvertical bristles converging, rarely parallel or 
wanting; anal vein in most cases vestigial or wanting. 
PUSO2, AAS eee riers eek eck MILicHip& 

KK. Costa broken but once or proboscis not geniculate. 
L. Postvertical bristles divergent, in exceptional cases 

wanting; basal segment of the arista minute, shorter 
than broad; the so-called gene narrower than the 
buccee, except in Phytomyza in which cell 1st M2 is 
epenmdistally ss panoo lecee er eerie AGROMYZIDA& 
LL. Postvertical bristles converging, or if wanting Cell 
R; long and narrowed in the margin of the wing; 
or cells M and ist M, confluent, or proboscis genicu- 
late, or arista plumose; basal segment of arista 
longer than wide; the so-called genz as broad as or 
broader than the bucce. p. 861....GEOMYZzIDAe 
AA. At least the lower lobe of the alule or calypteres well-developed; the sub- 
costal vein distinct in its whole course; vein Rx never very short; thorax 
with a complete transverse suture; and the postalar callus present. (Sub- 
section II.—Calyptrate). 
B. Proboscis usually much reduced or vestigial, not functional; mouth-open- 
ing small. (Bot-flies). 
C. Costa ends at or slightly beyond the tip of vein R, + ;; vein Mr +2 
extends in a nearly straight line toward the outer margin of the wing 
Ps SO4nck aes eisai eer: Seta oe Acre ae Meee: oes Seem GASTROPHILIDA 
CC. Costa extends to the tip of vein M;: +2; vein M; +. with a bend so 
that cell Rs; is much narrowed or closed at the margin of the wing. p. 866. 
IOP NS BIT RO ORT cho ONS ERS IG CRORE Geely SR ats ol CE STRIDAB 
BB. Mouth-opening normal; mouth-parts functional. 
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C. Hypopleural bristles absent. Cell R; very slightly or not at all narrowed 
at the margin of the wing. (Anthomyioidea). p. 863....ANTHOMYIIDA 
CC. Either the hypopleural or the pteropleural bristles or both present. 
Cell R; narrowed or closed. (Muscoidea). 
D._ Both hypopleural and pteropleural bristles present. 

E. Clypeus more or less produced below the vibrissal angles. Like the 
bridge of a nose. Abdomen not armed with stout bristles. The con- 
junctive of the ventral sclerites of the abdomen present. p. 868. 
ORCA ITE ee OR Roe cite tee Ric ree ee PHASIIDA 

EE. Clypeus flattened, at most slightly produced. Abdomen bearing 
some stout bristles. The conjunctive of the ventral sclerites of the ab- 
domen not visible. 

F. Clypeus receding and short; the cheeks very broad; vibrissze 
located near the middle of the face; antenne short. p. 869.... 
ee et OS die ea: sani fae MEGAPROSOPIDA 

FF. Clypeus long and never conspicuously receding; the oral margin 
more or less prominent; vibrissal angles near the oral margin; 
antenne usually long. 

G. Second ventral sclerite of the abdomen lying with its edges 
either upon or in contact with the ventral edges of the corre- 
sponding dorsal sclerite. 

H. Hindermost posthumeral bristle almost always lower (more 
ventrad) in position than the presutural bristle; body color very 
frequently metallic green or blue, or yellow; arista plumose. 
iO O00 cee Pate p epee a cpa gee rie: see Moa eaeas® CALLIPHORIDA 

HH. Hindermost posthumeral bristle on a level with or higher 
(more dorsad) than the presutural bristle; arista bare, pubes- 
cent, or plumose only on the basal two-thirds; body coloring 
gray or silvery, tessellated or changeable pollinose. 

1. Fifth ventral abdominal sclerite of the male either wanting 
or with the caudal margin straight, presutural intraalar 


bristle rarely present. p. 870........... SARCOPHAGIDA 
II. Fifth ventral abdominal sclerite of the male cleft to beyond 
Phe siniddle Wie, P1287 Levy ct ts us year vay ait ee TACHINIDA 


GG. Second ventral abdominal sclerite, as well as the others, more 
or less covered, sometimes wholly, by the edges of the dorsal 
Scleribespye 7 eres eee ce ae hae ere oh one oe ae TACHINIDA 

DD. Either the hypopleural or the pteropleural bristles present; basal 
bristles of the abdomen reduced; arista plumose to the tip. p. 872.... 
2:0 08 XG. 6-2 HOD OOP HODIPODE COMUNE OU CUS Means UDI Pod wad: Muscipa 


TABLE C.—DIPTERA IN WHICH THE WINGS ARE 
WANTING OR VESTIGIAL 


A. Mesonotum with a complete V-shaped transverse suture (Chionea) p. 798. 

5 sole ON Noe, Gh ck ERE OES Ed Tr 5 OR RM Src ee ma Family TreuLipa 

AA. Mesonotum without a V-shaped transverse suture. 

B. Flies in which the abdomen is distinctly segmented and the two legs of each 
thoracic segment are not widely separated. The adults do not live parasitic- 
ally upon either birds, mammals or the honey-bee. 

C. Nematocerous flies; antennze more or less thread-like and consisting of 
six or more segments. 
D. Wings short, strap-like, thickened, and without distinct venation 


(Exetmo piera). We S02 nee ce ter siene= ae ar str oe CHIRONOMIDA 
DD. Wings and halteres wholly wanting (Pnyxa, female) p. 810...... 
MYCETOPHILIDA 


CC. Brachycerous flies. } 
D. Antenne consisting apparently of a single segment, which bears a 


orang, HORS formntetol AOI 70h EVs co opoobouGoeaocd Habeas PHORID 
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DD. Antenne three-jointed, third joint with an arista. 

E. Hind metatarsi shorter than the second segment and more or less 
thickened aspanssSe ern oe ree iene ert err BORBORIDZ 

EE. Hind metatarsi longer than the second segment and slender. 
DBS 0. reenter De een eee See oer oto EPHYDRIDA 

BB. Flies in which the abdomen is indistinctly segmented (except Braula), 
and the two legs of each thoracic segment are widely separated by the broad 
sternum. The adults are parasites. 

C. Flies parasitic upon birds or mammals. 
D. Head folded back on the dorsum of the thorax. p. 875... NYCTERIBIID 
DD. Head not folded back on the thorax. 

EE. Head sunk in an emargination of the thorax; eyes round or oval; 
palpi forming a sheath for the proboscis, not projecting in front of 
ther. header par c8 74d. Penis, BE TI ee HIPPOBOSCID2 

EE. Head with a fleshy movable neck; eyes wanting or vestigial; 
palpi projecting leaf-like in front of the head. p. 875.STREBLIDA 

CCCs blies *parasiticiupontsthe whioney-bees pars 7Owae eee BRAULID 


MEIGEN’S FIRST PAPER ON DIPTERA 


In the year 1800, J. A. Meigen published a paper on the classifi- 
cation of the Diptera, in which many generic names were proposed. 
This was followed by a second paper published in 1803, in which 
nearly all of the generic names used in his first paper were discarded 
and new names proposed. The first paper was evidently not widely 
distributed for it was practically unknown for more than one hundred 
years. Attention was called to it by Mr. Fr. Hendel in 1908, and 
since then an effort has been made to substitute the generic names 
proposed by Meigen in 1800 for those used by him in 1803. If this 
were done, not only would these generic names be changed but the 
well-known names of many families based on these generic names 
would need to be changed also. Fortunately this revolution in nomen- 
clature is not necessary, even according to the law of priority; for the 
names published by Meigen in 1800 were not adequately defined and 
no type species were indicated. 


SUBORDER ORTHORRHAPHA.* 
The Stratght-seamed Flies 


This suborder includes those flies in which the pupa escapes from 
the larval skin through a T-shaped opening, which is formed by a 
lengthwise split on the back near the head and a crosswise split 
at the front end of this (Fig. 1003), or rarely 
through a crosswise split between the 
seventh and eighth abdominal segments. _ 
The adults do not have a frontal lunule. Fig, 1003.—Puparium with 

The families included in this suborder 7 Sh#Ped opening. 


are commonly grouped in two series: the Nemocera and the Brachy- 
cera. 


*Orthérrhapha; orthos (épés), straight; rhaphe (pap%), a seam. 
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SERIES I—NEMOCER A* 
The Long-horned Orthorrhapha 


This series of families is termed the Nemocera from the fact that 
in the more typical forms the antennz are elongate and slender; but 
in some families placed at the end of the series, the Anomalous Nemo- 
cera, the antenne are shorter and less thread-like than in the more 
typical forms. The antennz are composed of from six to thirty-nine 
segments, usually from eight to sixteen. The palpi are pendulous 
and consist of from one to five segments, usually of four. Except in 
a few genera, cell rst A is not narrowed towards the margin of the 
wing. In those cases where the radial sector is three-branched, it is 
veins Ry and R; that have coalesced; in the Brachycera veins R2 and 
R; are the first to coalesce. 


SUBSERIES A.—THE TRUE NEMOCERA 


In this subseries the antennz are usually long and frequently bear 
whorls of long hairs, especially in the males. The legs are long and 
slender, and the abdomen is 
usually long and slender. 


SUPERFAMILY TIPULOIDEA 
The Crane-flies 


The crane-flies are mosquito- 
like in form; but they are usually 
very much larger than mosqui- 
toes. The body is long and 
slender, the wings narrow, and 
the legs very long (Fig. 1004). 
This family includes the larger 
members of that series of families 
in which the antennze are thread- 
like, the Nemocera; but it also 
includes some species that are not 
larger than certain mosquitoes. 


Most crane-flies differ from all other Nemocera in that the trans- 
verse suture of the mesonotum is V-shaped; but one small family 
the Anisopide, lack the V-shaped suture. 


This superfamily includes the four following families; these can 
be separated by the characters indicated in the table of families 


page 787. 


*Nemécera: nema (vqua), thread; ceras (xépas), horn. 


Fig. 1004.—A crane-fly. 
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Famity TANYDERIDAi 
The Primitive Crane-flies 


This family is of especial interest as it includes the most general- 
ized of living crane-flies. It is a small family, only ten species repre- 
senting three genera being known. Of these a single genus, Proto- 
plasa, represented by three species, has been found in North America. 
Protéplasa vipio and Protéplasa vanduzéei are found in the West and 
Protéplasa fiichii, in the East. 


The life-history of no member of this family is known. Alexander 
(’20) described what is probably the larva of Protoplasa fitchi. It 
was found in a much decayed maple log in Fairfax County, Virginia. 


Fig. 1005.—Wing of Protoplasa fitchit. 


The venation of a wing of Protoplasa fitchit is represented by 
figure 1005. The generalized condition of this wing is shown by the 
following features; both branches of vein Sc are preserved; the forking 
of the other branched veins is nearer the base of the wing than in the 
typical crane-flies; and all of the branches of vein R are distinct. 


Famity PTYCHOPTERIDA 
The Phantom Crane-fly Family 


This is a small family of which only six or seven species have been 
found in our fauna; and of these only three are found in the East. 
These flies differ from the typical crane-flies in having only one anal 
vein preserved, and the transverse suture of the mesonotum is rather 
poorly defined. 


The larvee are found in decaying vegetable matter rich in organic 
mud, usually in swamps, swales, or wet meadows, but sometimes in 
shaded woods. They feed on decaying vegetable matter, diatoms, 
and the organic mud in which they live. 


DIPTERA 797 


The phantom crane-fly, Bittacomérpha cldvipes.—This remarkable 
insect is the member of this family that is most likely to attract atten- 
tion. Its long legsare banded with blackand whiteand the metatarsi 
are conspicuously enlarged and swollen. In its progress through the 
air the legs are held outspread like the spokes of a wheel with the 
metatarsi hanging vertically. It uses its wings but little in flight but 
is borne along by currents in the air. The black and white banding 
of its legs makes it a very conspicuous object as it drifts phantom- 
like through the air. 


Famity ANISOPIDAi* 


The So-called False Crane-Flies 


The family Anisopide has not been classed with the crane-flies 
till recently; the presence of ocilli and the lack of a V-shaped trans- 
verse mesonotal suture in this family having been regarded as charac- 
ters excluding it from the Tipuloidea. On the other hand the members 
of this family resemble crane-flies in certain features of the venation 
of the wings; for this reason they have been known as false crane-flies. 
But a study of the larve and pupz of members of this family has 
shown that it should be regarded as one of the families of the Tipu- 
loidea. 

This family is represented in our fauna by three genera, Antsopus 
Trichocera, and Mycetobia; of these the last two have been commonly 
classed in other families; but the immature stages of the three genera 
are very similar. 

Anisopus.—The adults are mosquito-like insects with spotted 
wings, which often enter houses, where they are found on windows. I 


Fig. 1006.—Wing of Antsopus. 


have also observed them in considerable numbers just at nightfall, 
feeding on sugar which had been placed on trees to attract moths. 


*This family has been known as the Rhyphide. 
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They feed on over-ripe fruit, the exuding sap of trees, and upon the 
nectar of flowers. Figure 1006 represents the venation of the wings 
and Figure 1007 the form of the antennz. Only four 
species of this genus are recorded from the United 
States. 

The larvee are found in decaying vegetable matter, 
in manure, in sewage, and in similar material. 

Trichocera.—The members of this genus often at- 
tract attention by appearing in swarms in the autumn 
and early spring, and sometimes on warm, sunny days ; 
in winter. The swarms vary greatly in size, sometimes _ Fig. 1007. 
one includes thousands of individuals. They are usually 
from five to twenty-five feet above ground; and all members of a 
swarm face the wind. 

. These flies are often found during the winter months in cellars, 
resting on the windows. . Nine species have been described from our 
fauna. In this genus the radial sector is three-branched and there 
are two distinct anal veins. 

The larve are found in decaying vegetable matter, beneath dead 
or decaying leaves, and in fungi. They have also been found in 
stored roots and tubers, especially potatoes. 

Mycetobia.—A single species of these genus, V/. divergens is found 
in North America. This is a small fly measuring from three to four 
millimeters in length and resembling superficially a fungus-gnat more 
than a crane-fly. For this reason it has been commonly classed in 
the Mycetophilide. In this genus cell 1st Me is lacking, the radial 
sector and media are each two-branched, and there is only one distinct 
anal vein. 

The larvee are common in wounds on trees from which sap is 
exuding, and in decaying wood. 


Famity TIPULIDZA 
The Typical Crane-Flies 


To this family belong the far greater number of the 
crane-flies, the other three families of the Tipuloidea 
including but few species. The typical crane-flies differ 
from the Anisopide in having a V-shaped transverse 
mesonotal suture (Fig. roo8), from the Tanyderide in 


fil 


Fie 1008 that the radial sector has less than four branches, and 


Thorax of from the Ptychopteride in having two distinct anal 
a crane-fly 


showing ee : : 

Fie o Figure 1009 represents the venation of a wing of a 
shaped su- member of this family. The most striking feature of 
ture. this venation is the fact that the forking of the 


branched veins is near the distal end of the wing. This gives the 
wing a very distinctive appearance. 

Crane-flies are seen most often in damp localities, especially where 
there is a rank growth of vegetation; but sometimes they occur in 
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great numbers flying over meadows and pastures. In most cases 
their power of flight does not seem to be well developed for they fly 
slowly, and only a short distance at a time. Some species, however, 
sustain themselves in the air for long periods. This is especially true 
of some of the smaller species; which often collect in swarms at twi- 


3a A 2d 
Fig. 1009.—Wing of Tipula abdominalus. 


light, forming a small cloud, and dancing up and down like some of 
the midges. Their ability to walk is also poor, for they use their long 
legs awkwardly, as if they were in the way. Little is known regarding 
the feeding habits of the adult crane-flies; but some species have 
been observed to feed on the nectar of flowers. Many species are 
attracted to lights. 

The larve of crane-flies vary greatly in habits both as to the 
situations in which they live and as to the nature of their food. Some 
are aquatic; Antocha lives in silken cases on rocks in swiftly flowing 
streams; and members of several other genera live on submerged 
plants. Some live in or beneath damp cushions of moss. Many live 
in mud or sand along the margins of streams, in swamps, or in shaded 
woods, while others are strictly terrestrial, burrowing in the soil of 
meadows and pastures. 

The larve of most species are scavengers feeding on decaying 
vegetable matter, but some feed on living vegetable tissue, and still 
others are carnivorous. For a detailed account of the life-histories 
and the structural characteristics of the early stages of the different 
groups of crane-flies see Alexander (’20). 

The Tipulidae is a large family; nearly 3000 species are known and 
about 500 species have been described from North America alone. 
Among those that are of especial interest are the following: 

The snow-flies, Chidnea.—To the genus Chionea belong several 
species of crane-flies in which the wings are vestigial, being reduced 
to mere knobs, much smaller than the halteres. These flies are most 
often seen in winter crawling about on the snow; but they are occa- 
sionally found in the spring and fall in leaf-mold. 

The meadow-maggots or leather-jackets—The larve of some 
species of crane-flies, most of which belong to the genus 77pula, often 
do considerable damage in meadows, pastures, and grain fields by 
devouring the roots of the plants. The full-grown larve are about 
25 mm. long and of a dirty-grayish color. As the body-wall is of a 
tough leathery texture these larvae are commonly known as leather- 
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jackets. Serious outbreaks of these pests have occurred at various 
times in Ohio, Indiana, Illinois, and California. In the case of the 
species infesting ranges, pastures, and grain and alfalfa fields in 
California it was found that the larve usually come out upon the 
surface of the ground during the night and could be destroyed by the 
use of poisoned-bran bait, made by mixing one pound of Paris green, 
twenty-five pounds of bran, and sufficient water to make a flaky 
mash. The bait is applied with a broadcast grain seeder. 


Famity DIXIDA® 


The Dixa-Midges 


These midges closely resemble mosquitoes in size and rorm; but 
they are easily distinguished by the venation of their wings, (Fig. 
1010). 


2a eA Cx 
Fig. 1010.—Wing of Dixa. 


The wing-veins are not furnished with scales, and are distinct 
over the entire surface of the wing; the costa is prolonged into an 
ambient vein, the subcosta is well de- 
veloped, but is short, ending in the 
margin of the wing near itsmiddle, and 
before the first fork of theradius; the 
radius is four-branched, 
the vein Ry extends par- 
allel to the margin of the 
wing to a point on the 
outer end of the wing; 
the mediais two-branch- 
ed; and themedial cross- 
vein is wanting. The an- 
tenne (Fig. rorz) are 
sixteen-jointed, and dif- 
fer but slightly inthetwo 
sexes; the legs are long 
and slender; and the cau- 
dal end of the abdomen Fig. 1012.—Larva of Dixa, 
of the male is enlarged. (After Needham and Lloyd.) 


eran Ly 


Fig. 1ort. 
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The family includes only a single genus, Dixa, of which eight 
species have been found in North America. 

The adult midges occur in the vicinity of streams and in swam- 
py places. 

The larve are aquatic, living in ponds or slowly running water; 
they resemble somewhat those of Anopheles but the body is almost 
always bent so that the head and tail come close together. They 
progress by alternate thrusts of the two ends of the body the bent 
portion traveling foremost (Fig. 1012). The first and second ab- 
donimal segments each bear a pair of pseudopods on the ventral 
surface. These larve feed on alge. 


Famity PSYCHODIDA 
The Moth-like Flies 


There may be found frequently upon windows and on the lower 
surface of the foliage of trees small flies which have the body and 
wings densely clothed with hair and which resemble tiny moths in 
appearance. The wings are broad, and when at rest slope at the 
sides in a roof-like manner or are held horizontally in such a way as 
to give the insect a triangular outline (Fig. 1013). 

The moth-like appearance of these insects is suffi- 
cient to distinguish them from allotherflies. Theven- 
ation of the wings, (Fig. 1014) is also very peculiar. 
All of the longitudinal veins separate near the base 
of the wing except veins Re and R; and veins Mi and 
Mz. In some forms veins Ry and Rs are distinct, as _ 
shown in the figure, in others they coalesce complete- Fig. 1013.—A 
ly, so that radius is only four-branched. Cross-veins ie 
are wanting in most cases. a 

The antennz are long and slender, and are clothed with whorls of 


R, 


IN 


Cu, 
Fig. 1014.—Wing of a moth-like fly. 


hairs (Fig. rors). Those of the male are longer; and in the species 
figured the two basal segments are clothed with scales like those of 
the Lepidoptera. Scalesof this form occur also on the wings, palpi, 
and legs of certain species. 
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The moth-like flies are often very minute and rarely exceed4mm. 
in length. Most of the species, so far as is known, feed on nectar 
or other fluid matter other than blood; but the species of the genus 
Phlebétomus are blood-suckers, feeding upon the blood of variousrep- 
tiles, amphibians and mammals, including man ;and it has been found 
that some exotic species transmit certain diseases of man, as the Euro- 
pean pappatici fever, or three day fever, and the Peruvian veruga (Riley 
and Johannsen ’15). A single species of this genus, Phlebotomus 
vexator, has been found in the United States; this is a minute species, 
measuring 1.5 mm.in length. It was taken on Plummer’s Island, 
Maryland. 

The larve of members of this family are found in various situ- 
ations; in decaying vegetable matter, in 
sewage, in cow dung, in exuding sap on tree- 
trunks, and in streams. 

About thirty species have been de- 
scribed from the United States. 


Famity CHIRONOMIDA® 


: Fig. to15.—Antennze of 

The Muidges Psychoda: m, antenna of 

: : male and the second seg- 

The members of this family are more or ment of the same more 


less mosquito-like in form, but are usually enlarged; f, antenna of 
more delicate than mosquitoes. The ab- ge and ec 
domen is usually long and slender; the “8 

wings narrow; the legs long and delicate; and the antenne, especially 
in the males, strongly plumose (Fig. 1016). In fact many of these 
insects are commonly mistaken for mosquitoes; but only a few of 
them can bite, the greater number being harmless. 

The midges are most easily distinguished from mosquitoes by 
the structure of the wings (Fig. 1017). These are furnished with 
fewer and usually less distinct veins; and the veins, although some- 
times hairy, are not fringed with scale-like 
hairs. . There is a marked contrast between 
the stouter and darker colored veins near the 
costal border of the wing and those on the 
other parts of the wing, which seem to be 
fading out. The costal vein is not prolonged 
into an ambient vein, beyond the apex of the 
wing. 

In several genera of this family the wings : a 
are either absent or vestigial; of these a single Puy Gee ee 
species has been found in our fauna. This is male; m, male. 
Eretmoptera brownt, a species described by Pro- 
fessor Kellogg from tide-pools on the Pacific Coast. In this species 
the wings are short, strap-like, thickened, and without distinct ve- 
nation. 

The name midge has been used in an indefinite way, some writers 
applying it to any minute fly. It is much better, however, to restrict. 
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it to members of this family except where it has become firmly estab- 
lished as a part of a specific name. The wheat-midge and the clover- 
seed midge are examples of names of this kind; it would not be wise 
to attempt to change these names, although the insects they represent 
belong to the gall-gnat family, and hence are not true midges. 


Fig. 1017.—Wing of Chironomus. 


Midges often appear in large swarms, dancing in the air, especially 
towards the close of day. Professor Williston states that, over mead- 
ows in the Rocky Mountains, he has seen them rise at nightfall in most 
incredible numbers, producing a buzzing or humming noise like that 
of a distant waterfall, and audible for a considerable distance. 


Most larvee of midges are aquatic; but some live either in manure, 
in decaying vegetable matter, under bark, or in the ground. Some of 
the pupe are free and active, others are quiescent; some of the latter 
remain partly enclosed in the split larval skin. The larve and pup 
of the aquatic species are of much importance as fish-food. 


Many of the aquatic larve live in tubes which they build of bits of 
dead leaves and particles of sand fastened together with viscid 
threads. These tubes are frequently seen upon the surface of dead 
leaves, stones, and sticks; and they are often made in the mud of the 
bottom of a pool, in which case they open at the surface of the mud. 
Many of the species are blood-red in color, and hence are frequently 
known as blood-worms. 


The aquatic larvee feed on alge, decaying vegetable matter, di- 
atoms, and small crustacea; the terrestrial species, on manure or de- 
caying vegetable matter. There are a few cases reported of the larve 
of midges infesting living plants. 


To the genus Culicoides belong the small midges commonly known 
as sandflies or punkies. Certain minute species are sometimes very 
abundant, and extremely annoying on account of their bites. They 
are exceedingly troublesome in the Adirondack Mountains, in the 
White Mountains, and along mountain streams generally; they are 
also abundant in some places at the seashore. 


More than 200 species of the Chironomid have been described 
from our fauna. The family was monographed by Professor Johannsen 
(os and ’o8). 
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Famity CULICID 
The Mosquitoes 


The form of mosquitoes is so well known that it would be un- 
necessary to characterize the Culicide were it not that there are 
certain mosquito-like insects that are liable to be mistaken for mem- 
bers of this family. 

The mosquitoes are small flies, with the ab- 
domen long and slender, the wings narrow, the 
antennz plumose in the males, (Fig. 1018), and 
usually with a long, slender, but firm proboscis. 
The thorax lacks the transverse V-shaped suture 
characteristic of the crane-flies; and vein M of the 
wings is only two-branched. But the most dis- 
tinctive feature of mosquitoes is the fringe of 
scale-like setee on the margin of the wings and also pixtrore= A nteane 
in most cases on each of the wing-veins (Fig.t019). ~ Gf mosquitoes, m, 

The eyes are large, occupying a large part of male; f, female. 
the surface of the head. The ocelli are wanting. 

The antenne are composed of fifteen segments, of 

which the first segment, the scape, is concealed by the large globular 
pedicel (Fig. 173. p. 153) and has been over-looked by many describ- 
ers of mosquitoes. The pedicel contains the Johnston’s organ de- 
scribed on pages 152 to 154. The form of the mouth-parts differs in 
the two subfamilies; those of Anopheles are represented by Figure 
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Fig. 1019.—Wing of a mosquito. 


9900n page 775; in the Corethrine they are short and not adapted for 
piercing. 

The larve of mosquitoes are all aquatic. They are well known 
and are commonly called “wigglers,”” a name suggested by their 
wriggling motion as they swim through the water. They vary in 
details of structure but the larva of Culex will serve to illustrate the 
general form of the body (Fig. 1020). The head and thorax are 
large and the abdomen is slender. The next to the last abdominal 
segment, the eighth, bears a breathing-tube; and when the larva is at 
rest it hangs head downward in the water, with the opening of this 
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tube at the surface. (Fig. 1021). At the end of this tube there is a 
rosette of plate-like lobes (Fig. 1022, a) which resting on the surface 


Qntennal 
tuft. 


Yentral brush 
of Ith seqnen 
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Fig. 1020.—Larva of Culex showing 
details of external structure. (From 
Riley and Johannsen.) 


film, keeps the larva in position. At the end of the last abdominal 
segment there are one or two pairs of tracheal gills. About the mouth, 
on the antenne, and on the caudal segments of the abdomen are 
tufts of setae that afford characters much used in the classification of 


mosquito larvee. These various tufts have received 
special names as indicated in Figure 1020. 

The food of mosquito larve varies with the 
different species, with most of them it consists of 
organic matter in suspension in the water, or 
floating upon the surface, or settled or growing 
upon the bottom. Some mosquito larve are can- 
nibalistic; those of the Corethine are all preda- 
cious and seize their prey with the antenne. 

So far as is known, there are four larval instars 
in all species of mosquitoes, with the fourth molt 
the larva becomes a pupa. 


Fig. 1022.—a, end of 
breathing tube of 
larva; 6, breathing 
tube of pupa. 


The pupz of mosquitoes like the larve are aquatic, but they differ 
greatly in form from the larve. (Fig. 1023). The head and thorax 
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are greatly enlarged and are not distinctly separated, while the 
abdomen is slender and flexible. With the change to the pupa state 
a remarkable change takes place in the re- 
spiratory system. There arenow two breath- 
ing tubes, and these are borne on the thorax. 
One of these is represented greatly enlarged 
by Figure 1022, 6. At the tail-end of the 
body there is a pair of leaf-like appendages, 
with which the insect swims, for the pupee of 
mosquitoes, and also of certain midges, differ 
from the pup of most other insects in being 
active; but the pup take no food. The 
oy ae : duration of the pupal stage is brief, usually 
Fig. tesa eres, not more than two or three days; then the 
Ce ee ages skin splits down the back, and the winged 
mosquito carefully works itself out and 
cautiously balances itself on the cast skin, using it as a raft, until its 
wings are hardened so that it can fly away. 

All adult mosquitoes are commonly regarded as blood-sucking 
insects and are feared on that account; but there are many species 
that never suck blood at all, and of the blood-sucking species many 
attack by choice birds and mammals other than man. It is only the 
females that suck blood; the mouth-parts of males are not fitted for 
piercing the skin of animals. The males feed on nectar, the juices of 
ripe fruits, and other sweet substances; this is also true to a certain 
extent of females. 

The different species of mosquitoes differ greatly in their manner 
of oviposition. Those most often observed about water-barrels, 
Culex, lay their long, slender eggs side by side in a boat-shaped mass, 
on the surface of the water (Fig. 1021); species of Anopheles deposit 
their eggs separately upon the surface of the water; and many Aédes 
lay their eggs on the ground after the pools in which they were de- 
veloped have dried out. In this case the eggs remain unhatched until 
later rains or melting snow refill the pools. The eggs of some mosqui- 
toes hatch very soon after they are laid; but with the majority of 
species the winter is passed in the egg state; and in the case of certain 
species it is believed that the eggs may remain on dry ground several 
years awaiting rain and then hatch. 

The family Culicide is divided into two subfamilies, the Coreth- 
rine and the Culicine. 


SUBFAMILY CORETHRINA® 


This is a small group of mosquitoes including but few species. It 
is distinguished from the Culicine by the comparative shortness of 
the proboscis, which is not much longer than the head and is not 
fitted for sucking blood. 

The larvee of members of this subfamily are transparent; they 
are predacious and capture their prey with their antenne; they 
feed on infusoria, small crustacea, and small larve, including those 
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of mosquitoes; they are free-swimming and are found most abun- 
dantly beyond the line of shore vegetation. The pupe are also trans- 
parent at first but become darker colored just before transforming. 
The females of Coréthra plumicérnis,as observed by Professor Need- 
ham, deposit their eggs on the surface of the water, laying them down 
flatwise, in a spiral held together by scanty gelatine. 

A monograph of this subfamily was published by Johannsen (’o3). 


SUBFAMILY CULICINA®D 


To this subfamily belong by far the greater number of mosquitoes. 
With these the proboscis is longer than the head and thorax taken 
together; this character is sufficient to distinguish them from the 
Corethrine. 

The Culicine have received much attention in recent years. Since 
the discovery that certain species are carriers of diseases of man many 
investigators have studied mosquitoes, and thousands of papers have 
been published regarding them. Fortunately the more important 
results of these investigations have been summarized by several 
writers and published in easily available books. The most important 
contribution to this subject is the monograph by Howard, Dyar, and 
Knab (12-’17). This isa large work in four volumes. A more avail- 
able and more recent monograph is that of Dyar published in 1922. 

It has been demonstrated that malaria, yellow fever, filariasis, and 
dengue are each caused by a parasitic organism, which has a complex 
life-cycle, part of which is passed in man and part in 
certain mosquitoes; and that it is only by being 
bitten by an infected mosquito that one contracts 
any of these diseases. There are also diseases of 
other mammals and of birds that are transmitted 
in a similar way. 

In each case the parasitic organism is restricted 
in host relations, infecting in turn only certain 
species of Vertebrates and certain species of mosqui- 
toes. 

Representatives of eleven genera of the Culicinze 
have been found in the United States. Some of these 
occur only in the extreme South and others are either 
rare or rarely attack man. The species that areour 
most serious pests are included in the genera Culex, Fig. 1024.—Nor- 


Anopheles, and Aédes. eee tes 


Culex.—To this genus belong our common house Anopheles’ on 
mosquitoes that have unspotted wings and short a wall; Culex 
palpi in the females and which when at rest on a above, Ano- 


vertical wall hold the body parallel with the wall or ee ae 


with the tip of the abdomen inclined toward it (Fig. andet olan! 
1024). These are very annoying pests; but although sen.) 

many of the species of this genus transmit blood 
diseases of birds and animals they do not play an important role in 
human diseases. 
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The eggs are laid in boat-shaped masses or “‘rafts’’ on the surface 
of the water of ponds of a permanent nature and on water of artificial 
containers, as water-barrels. A larva of Culex is described and figured 
above (Fig. 1020). 

Anopheles.—To this genus belong those mosquitoes that have 
been found to be the carriers of malaria. Ninespecies of Anopheles have 
been found in the United States, of which four are known to be carriers 
of this disease. In this genus the palpi of both sexes are nearly or 
quite as long as the proboscis and the wings are frequently spotted. 
When at rest on a vertical wall the body is usually held at an angle 
with the vertical (Fig. 1024). Some species often enter houses. They 
hibernate in the adult state and can be found during the winterin 
cellars. 

The eggs are laid singly in 
small numbers upon the sur- 
face of water. The larva 
when at rest floats in a hori- 
zontal position beneath the 
surface film (Fig. 1025). There 
is no respiratory tube but in- 
stead a flattened area on the 
ree foo eae hee ue et ii Eee eighth abdominal segment into 

at Test. Hy G 

Giles “refi, aac pnaeee pniddies Gules which the two spiracles open. 

pupa, right hand figure. Malaria is a well-known 

and widely distributed disease. 

It is most common in the 

vicinity of swamps, and is more virulent in the South than in the 

cooler parts of the country. It is caused by unicellular parasites in 

the blood which feed upon the red blood corpuscles. These parasites 

belong to the genus Plasmodium of the Protozoa. Three species of 

these malarial parasites are now recognized, each of which causes a 
distinct type of malaria. 

The life-cycle of the malarial parasites is an exceedingly com- 
plicated one. Our knowledge of it is the result of extended investi- 
gations by several workers. The history of these investigations is a 
most interesting one; but space can not be taken to narrate it here. 
Accounts of these investigations, with details of the results obtained 
are given by Howard, Dyar, and Knab (12) and Riley and Johannsen 
(15). The following summary of the life-cycle is condensed from the 
accounts by these writers. 


The malarial infection is introduced into the blood circulation of man by 
the bite of a mosquito that has previously bitten a person having this disease. 
It is only certain species of mosquitoes of the genus Anopheles that transmit this 
disease toman. The infecting organism, which in that stage of its development is 
known as a sporozoite, penetrates a red blood corpuscle and becomes an amoeboid 
schizont. ‘This lives at the expense of the blood corpuscle and as it develops there 
are deposited in its body scattered black or reddish black particles. These are 
generally called melanin granules, but are much better referred to as hemozoin, 
as they are not related to melanin. The hemozoin is the most conspicuous part of 
the parasite, a feature of advantage in diagnosing from unstained preprations. 
As the schizont matures, its nucleus breaks up into a number of daughter nuclei, 
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each with a rounded mass of protoplasm about it, and finally the corpuscles are 
broken down and these rounded bodies are liberated in the plasma as spores which 
are known as merozoits. These spores infect new corpuscles, where they again 
go through the stages of schizonts and merozoits, and thus the asexual cycle 
is continued. The malarial paroxysm is coincident with sporulation. 

Parallel with the asexual cycle sexual elements or gametes are produced by 
schizonts. These sexual elements, however, can not copulate within the human 
organism on account of the unfavorable temperature. To enable them to carry 
out this function, and to develop further they must be transferred to the aliment- 
ary canal of an Anopheles, which is done when one of these mosquitoes sucks the 
blood in which they are. Here the union of the male and female gametes takes 
place and there results a stage known as the migratory odkinete. The odkinete 
penetrates the wall of the midintestine of the mosquito and there transforms to 
the odcyst. In the process of growth of the odcyst further stages occur, first by its 
division the sporoblasts, and from these, by further division, the sporozoits, when 
the odcyst is mature it bursts, liberating the sporozoits which thus pass into the 
general body cavity of the host. The sporozoits now find their way into the sali- 
vary glands of the host and there remain until the mosquito, in biting, forces 
them along with the saliva, through its proboscis into a human being. Then the 
asexual cycle begins in the blood of a new host. 


Aédes.—This is a very large genus of world-wide distribution 
Dyar (’22) describes 73 species that have been found in the United 
States. The species vary greatly in habits; but with most of them 
the larve develop from over-wintering eggs in early spring pools. 
Some species, however, breed in water-barrels, and other artificial 
containers; one of these is the carrier of yellow fever. 


The yellow-fever mosquito, Aédes eg pti, is distributed through- 
out all tropical regions of the world and is often carried by commerce 
into temperate regions. But as it is destroyed by frost it can not 
become established where frosts occur. Hence outbreaks of yellow 
fever in the North are checked naturally as winter approaches, and 
with our present knowledge of the methods of control of this disease 
it is not probable that it will be permitted to become epidemic again 
in the United States. 

When yellow fever appears the patients should be kept in mosqui- 
to-proof rooms, so that they may not serve as centers of distribution 
of the disease; and the breeding places of mosquitoes should be drained 
or screened, or oiled. 

The yellow fever mosquito breeds in cisterns, water-barrels, 
flower-vases, and in the various water receptacles about houses. The 
life-cycle under favorable conditions is completed in from twelve to 
fifteen days. This is essentially a domesticated species. It is rarely 
found far from the habitations of man. 


The fact that yellow fever is transmitted by this mosquito has 
been definitely established; but it is not certain that the causative 
organism is known, although some investigators claim to have found 
it. 

The yellow fever mosquito was first described by Linnzeus in 1762 under the 
name Culex egypti. But the Linnean genus Culex has been divided and this 
species pertains to the genus Aédes established by Meigen in 1818; hence its 
correct name is Aédes egypti. Unfortunately a score of other names have been 
applied to it; those most commonly found are Aédes calopus, Stegomyia fasciata, 
and Stegomyia calopus. 
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Other mosquito-borne diseases of man.—In tropical countries there 
are, in addition to malaria and yellow fever, two other diseases of 
man that have been found to be transmitted by mosquitoes; these are 
dengue and filariasis. The causative organism of dengue has not been 
discovered; but it is believed to be a protozoan of ultra~microscopic 
size. Filariasis is due to the presence in the blood, the lymphatics, 
the mesentery, and subcutaneous connective tissue of nemotode 
worms belonging to the family Filariide, and which pass part of 
their life-cycle in the bodies of mosquitoes. One of these parasites, 
Filaria bancrofti, is the cause of the extraordinary deformities of 
different parts of the human body known as elephantiasis. 

Mansénia.—In this genus ‘‘the larvee are peculiar in having the 
air tube adapted for piercing the vascular roots of certain aquatic 
plants, from which they get their supply of air. The eggs are de- 
posited in rafts in swamps where suitable plants grow, and the young 
larvee descend to the roots, never coming to the surface again.” 
(Dyar, 22). Mansénia pertirbans is widely distributed in the United 
States and Canada. Its larva lives attached to the roots of a species 
of Carex growing in marshes or the edges of ponds. The winter is 
passed as half-grown larva. 

Wyeomyia smithit.—This species is remarkable on account of its 
habits. ‘“The larve live in the water in the leaves of pitcher plants 
(Sarracenia purpurea), passing the winter frozen up in the ice cores. 
The eggs are laid on the still, dry, newly opened leaves and hatch 
when water collects in them” (Dyar ’22). The adult can be distin- 
guished from all other Culi- 
cine found north of Southern 
Florida by the presence of a 
tuft of setae on the metonotum. 


Famity MYCETOPHILIDA 
The Fungus-Gnats 


These 
flies are of 
medium or 
small size 
and more or 
less mos- 
quito-like in 
form. They 
are most 
easily recog- 
nized by the 
; length of the 
Fig. 1026.—Mycetophila punctata. (After coxe (Fig. : 

Johannsen.) : 
1026). The Fig. 1027. 
ocelli are 
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present; the antenna, as a rule, lack whorls of hairs (Fig. 1027) and 
all the tibiee are furnished with spurs. 

At first sight considerable variation seems to exist in the venation 
of the wings as shown in the three wings represented in Figure 1028; 
but in reality the variations are comparatively slight. The costa 
extends along the margin of the wing to the end of the radial sector. 
Radius preserves three branches in the more generalized forms (Fig. 
1028, a); in some genera veins Ri and Re+3 coalesce from the apex of 
the wing backward for a greater or less distance so that the basal part 
of vein Re+3 appears like a cross-vein (Fig. 1028, b); in some genera 


Fig. 1028.—Wings of fungus-gnats. (The drawings are after Winnertz; the 
lettering is original.) 

radius is only two-branched, this condition may have been brought 

about by the complete coalescence of veins R; and Re+3 or by the 

coalescence of veins Re+3 and R44;, whichever may be the case the 

two branches are cormmonly designated as Ri and Rs, respectively 

(Fig. 1028, c). 

The fungus gnats are exceedingly numerous both in number of 
individuals and in number of species. They are often found in great 
numbers on fungi and in damp places where there is decaying vege- 
table matter. They are active and leap as well as fly. | 

A monograph of the known species of the world, not including the 
Sciarine, was published by Professor Johannsen (’oga); and in a later 
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series of papers he published a synopsis of the species of North Amer- 
ica, including the Sciarine (Johannsen ’og-’12). 

The larve of most species live upon and destroy mushrooms, 
usually the wild plants, but sometimes they are pests in mushroom 
cellars; other species are found in 
decaying wood; and certain species of 
the subfamily Sciarine are sometimes 
pests of cultivated plants, destroying 
seed corn, seed potatoes, and the roots 
of other plants. 

In this family the larva is more or 
less cylindrical, smooth, soft, whitish in 
color, and witha small strongly chiti- 
nized head, which is usually brown or 
black, and is provided with mandibles 
and maxilla. There are usually eight 
pairs of spiracles. 

The pupa is not enclosed in the skin 
of the larva; but in some genera the 
transformations are undergone in a 
delicate cocoon. 

The subfamily Sciarine.— The 
Fig. 1029.—Eyes of Sciara. family Mycetophilide is divided into 
nine subfamilies, eight of which are 

represented in our fauna. One of these subfamilies, the Sciarine, 
merits special mention in this place. The members of this subfamily 
differ from the more typical fungus-gnats as follows; the coxe are not 
so greatly elongated; the eyes differ in shape, there being a narrow ex- 
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Fig. 1030.—Wing of Sciara. (After Enderlein.) 


pansion of each eye extending above the base of the antenne and 
meeting or nearly meeting the expansion of the other eye, (Fig. 1029), 
while in other fungus-gnats the eyes are either round, oval, or kidney- 
shaped, but not markedly narrowed above; and the cross-vein r-m is 
in a same right line with the second section of the radial sector (Fig. 
1030). 
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The larvee of some species of the genus Sciara often attract atten- 
tion on account of a strange habit they have of sticking together in 
dense patches. Such assemblages of larve are frequently found under 
the bark of trees. But what is more remarkable is the fact that when 
the larve are about to change to pupe an assemblage of this kind 
will march over the surface of the ground, presenting the appearance 
of a serpent-like animal. Such a congregation is commonly spoken 
of as a Sciara-army-worm. Examples have been described that were 
four or five inches wide and ten or twelve feet long, and in which the 
larve were piled up from four to six deep. The larve crawl over 
each other so that the column advances about an inch a minute. 


THE FAMILY SCIARIDA OF ENDERLEIN 


The establishment of a family to be known as the Sciaridze was proposed by 

Enderlein (’11 & ’12 a). The proposed family includes the subfamily Sciarine of 
the Mycetophilide and the subfamily Lestremiine of the Cecidomyiide and is 
characterized by the form of the eyes; the two subfamilies agreeing in having the 
type of eyes described above (Fig. 1029) and differing in this respect from other 
fungus-gnats and gall-gnats. 

This proposedi grouping of these two subfamilies has not been generally ac- 
cepted. While they agree in the shape of their eyes, they differ in the presence of 
tibial spurs in the Sciarinzee and the absence of these spurs in the Lestremiine; 
and they differ markedly in the form of their larve. The larve of the Lestremiinz 
have, like those of other Cecidomyiide, an undeveloped head, indistinct mouth- 
parts, and a well-developed sternal spatula; the larve of the Scarine have, 
on the contrary like other Mycetophilidz, a well-developed head which is strongly 
chitinized, and strong, toothed mandibles, and do not have a sternal spatula. 


Famity CECIDOMYIIDA* 
The Gall-Gnats 
The gall-gnats are minute flies which are ex- 
tremely delicate in structure. The body and wings 
are clothed with long hairs, which are easily rubbed 
off. The antenne are usually long and clothed with 
whorls of hairs (Fig. 1031); but they vary greatly in 
length, in the number of their segments, in the form 
of the segments of the flagellum, and in the nature of 
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their clothing. Except in the first subfamily, the 4 
ocelli are wanting. The legs are slender and quite 4 
long, but the coxe are not greatly elongated and the 4 
tibiz are without spurs. Except in the first sub- ’ 
family, the wing-veins are greatly reduced in num- fi 


ber (Fig. 1032), the anal veins being entirely want- Fig. gg 
ing, and the media wanting or merely represented by nan eas 
a slight, unbranched fold; in the first subfamily, the f “female, en- 
Lestremiinz, vein M is well preserved. larged more 
A striking feature of this family is the presence han He of 
in most species (7. e. in all except the first two small ne male. 


subfamilies) of what have been generally known as arched filaments 


*This family is named the Itonidide by some writers, those who recognize 


the names published by Meigen in 1800; see page 794 for a discussion of these 
names. 
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on the antenne (Fig. 1033). These filaments occur in series, and 
there may be one, two or three of these series on each segment of the 
flagellum. As each of these series has the appearance of a looped 


Fig. 1032.—Wing of a gall-gnat. 


thread extending around the segment of the antenna they are termed 
circumfilt by Dr. Felt, who has described and figured many forms of 
them in his series of papers on this family. 


4 


Fig. 1033.—Antennal segments with circumfili: a, fifth segment of antenna of 
Karschomyia viburnt, male; 6, fifth antennal segment of a Rhopalomyia, 
nae c, sixth antennal segment of Winnertzia calctequina, female. (From 

elt. 


To this family belong the smallest of the midge-like flies. On 
account of their minute size the adult flies are not apt to attract the 
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attention of the young student. But the larve of many species cause 
the growth of galls on plants, some of which are sure to be found by 
any close observer. Other species arrest the 
growth of the plants they infest, and cause very 
serious injury. 

The larve are small maggots, with nine pairs 
of spiracles. The head is small, poorly developed, 
and without mandibles; between the head and the 
first thoracic segment there is a large neck-seg- Fig. 1034.—Head 
ment, which gives these larve the appearance of ‘74 re spon 
having an extra segment. Many species are eae acres 
brightly colored, being red, pink, yellow, or 
orange, and many species possess in the last larval instar a peculiar 
chitinous organ on the ventral aspect of the prothorax; this organ is 
known as the breast-bone or sternal spatula, or anchor process (Fig. 
1034). It varies in form in different species; different views are held 
regarding its function, none of which seems well established. 

The larval mouth-parts are fitted only for taking liquid food; but 
the nature of this food differs greatly in different members of the 
family. Some species are parasitic in the bodies of aphids and other 
Homoptera; some are predacious feeding on either aphids, coccids, 
mites, or larve and pupe of other Diptera, especially those of other 
species of gall-gnats; some feed on the excrement of other larvee or 
that of cattle and of birds; but most species are vegetable feeders. 
Among those that feed on plants many species produce galls. The 
larvee of several genera of the second subfamily, the Heteropezinz 
give birth to living young, as described later. 

Different modes of pupation have been observed among the gall- 
gnats; in some the pupa is naked; in others the change to the pupa 
state takes place within a puparium, but this puparium differs from 
that of most Diptera in being formed by the next to the last larval 
skin, the last larval molt taking place within it; in some species as the 
wheat-midge, the puparium consists only of the peunltimate larval 
skin, in others as the Hessian fly, it is lined with a delicate silken 
layer (Marchal ’97); and in still others the pupa is enclosed in a 
delicate cocoon instead of in a puparium. 

The literature regarding this family is very extensive; hundreds 
of articles have been written about those species that are of economic 
importance, and very many papers have been published on the classi- 
fication of these insects; A monograph of the species of the world was 
published by Kieffer in 1813 and a review of the American species is 
being published by Dr. Felt in his annual reports as State Ento- 
mologist of New York. Seealso Felt (’18) for descriptions and figures 
of the galls produced by members of this family. 

The family Cecidomyiide is separated into three subfamilies, 
which can be separated by the following table: 

A. Ocelli present; vein M, preserved either simple or forked. p. 816. LESTREMIINE 
AA. Ocelli wanting; vein M wanting or represented merely by a fold. 


B. Antenne without either circumfili or horseshoelike appendages; the first 
segment of the tarsi usually longer than the second p. 816. HETEROPEZINE 
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BB. Antenne with circumfili or (Winnertzia) with horseshoelike appendages; 
the first segment of thetarsishorter than the second p. 817.CECIDOMYIIN# 


SuBFAMILY LESTREMIIN® 


The members of this subfamily differ from other gall-gnats in 
having ocelli, in the shape of their eyes, these resembling those of 
Sciara (Fig. 1029), and in the less reduced venation of their wings, 
vein M being preserved; in some genera this vein is forked (Fig. 1035) 
in others it is unbranched. 


Ri Re 
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C2 Cu 
Fig. 1035.—Wing of Lestremia. (After Kieffer.) 


Most of the known larve of this subfamily live in decaying vege- 
table matter, especially in rotten wood under bark. 


SUBFAMILY HETEROPEZINA 


This subfamily includes comparatively few species, none of which 
is known to be of economic importance. The known larve live in the 
decaying bark of trees. Some of them are remarkable for the fact 
that they give birth to living young. 

This type of reproduction is termed pedogenesis (See page 192). 
It was first discovered by Nicholas Wagner in 1862 and has been in- 
vestigated by several other Europeans. It has also been studied in 
this country by Dr. Felt (11) who gives an extended account of it as 
observed by him in Midstor americana, and by Professor Hegner (’12 
and ’14) who gives the history of the germ cells in the peedogenetic 
larva of this species. | 

The larva of Mzastor americdna possesses two ovaries, one on 
either side of the body in the tenth or eleventh segments. Each ovary 
consists of typically thirty-two odcytes, each of which is accompanied 
by a group of nurse-cells, and with them is surrounded by a folicular 
epithelium. The nurse-cells furnish nutrition to the growing odcytes, 
gradually becoming reduced as the odcytes increase in size. Finally 
the odcyte with accompanying nurse-cells, still surrounded by the 
follicular epithelium, becomes separated from the rest of the ovary and 
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is forced by the movements of the larva into some other part of its 
body. Here it continues its growth and development at the expense 
of the tissues of the mother-larva. Not all of the oécytes complete 
their development, since usually only from five to seventeen young 
are produced by a single mother-larva (Hegner). ‘ 

When the tissues of the mother-larva are consumed, the young 
larve break forth from the skin of their parent and continue their 
growth. These larvee may in turn produce another generation of 
larvee in the same manner. It is believed that this asexual, pado- 
genetic reproduction may continue through many generations cover- 
ing a period of two or three years. Finally a generation of larve are 
produced which do not reproduce in this manner, but which when 
full grown transform first to pupe and then to adults, which repro- 
duce sexually. According to the observations of Kieffer (’13) the 
adult females of those species in which pzdogenesis occurs produce 
each only four or five eggs, while other gall-gnats produce a large 
number of eggs 


SuBFAMILY CECIDOMYIINA 


This subfamily includes the larger number of the gall-gnats; to it 
belong those species that have attracted attention on account of 
their economic importance, and others that are well known on ac- 
count of the conspictious galls produced by them. Much has been 
published regarding some of these species; but unfortunately they are 
discussed under different generic names by different writers. For 
this reason the common names 
will be found more useful when 
one is attempting to learn what 
has been published regarding 
these species. 

The pine-cone willow-gall. 
—One of the most common 
and conspicuous of the galls 
made by gall-gnats is the pine- 
cone willow-gall (Fig 1036). 
This often occurs in great 
abundance on the tips of twigs 
of the heart-leaved willow, 
Salix cordata. The gnat that 
causes the growth of this gall 
is Rhabdéphaga _ strobiloides. 
The larva remains in the heart 
of the gall throughout the 
summer and winter, changing f iD Ek 
to a pupa early in the spring. Fig. 1036.—The pine-cone willow-gall. 
The adult emerges soon after- 
ward, and lays its eggs in the newly-started buds of the willow. 

The pine-cone willow-gall guest, Cecidomyia albovittata.—This 
species breeds in large numbers between the leaves composing the 
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pine-cone willow-gall. The larve of this gnat do not seem to interfere 
in any way. with the development of their host, there being abundant 
food in the gall both for the owner of the gall and for its numerous 
ests. 

Y The clover-leaf midge, Dasyneura trifolii—The leaflets of white 
clover are sometimes infested by white or orange-colored maggots 
which fold the two halves of the leaflet together. From one to twenty 
of these larvae may be found 
in a single leaflet. When full 
grown the larvee make cocoons, 
and undergo their transforma- 
tions within the folded leaflet. 
In Figure 1037 an infested leaf 
containing cocoons is repre- 
sented natural size, also a 
larva and an adult gnat, 
greatly enlarged. 

The clover-flower midge, 
Dasyneura leguminicola.—This 
is a very serious pest. The 
larve live in the heads of 
clover and destroy the immature seed. Different kinds of clover are 
infested by this pest; but red clover is its chief food plant; and in 
some parts of this country it has seemed impossible to raise clover- 
seed on account of this insect. 

The larva of the clover-flower midge passes the winter on or 
slightly below the surface of the ground, usually but not always, ina 
cocoon; it changes to a pupa early in the spring, and emerges an 
adult in late April or early May. The eggs are laid in the small green 
clover heads, many eggs in a single head, as each larva infests a 
single floret. The larvee mature in about four weeks, and then drop 
to the ground to transform. Two or three weeks later a second gen- 
eration of midges appear and lay their eggs. 

The most efficient method of combating this pest is to make the 
first cutting of clover early, before the first generation of midges 
have matured, that is, early in June; the drying of the clover heads 
willresult in the destruction of the larve in them; and thus the second 
crop of clover will not be infested. Care should be taken to cut at 
the same time any clover that may be growing wild in fence-corners 
by roadsides, or elsewhere. 

The Hessian-fly, Phytéphaga destrtictor—This is the most serious 
pest infesting wheat in this country. The larve live at the base of a 
leaf between it and the main stalk, where they draw their nourish- 
ment from the plant. There are two or three broods of this insect in 
the course of the year. The larve of the fall brood infest the young 
wheat-plants near the surface of the ground. When full-grown each 
changes to a pupa within a brown puparium, which resembles a flax- 
seed, Here they remain throughout the winter. In the spring the 
adult gnats emerge and lay their eggs in the sheaths of leaves some 
distance above the ground. The infested plants are so weakened by 


Fig. 1037.—The clover-leaf midge. 
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the larvee that they produce but little if any seed, and often bend or 
even break off at the weakened spot. 

There is no method by which a crop of wheat can be saved from 
the ravages of this pest after it is infested by it; the only means of 
control are those that prevent infestation. Where practicable all in- 
fested stubble should be plowed under immediately after harvest and 
the soil rolled or lightly harrowed, thus preventing the emergence of 
the fall brood of gnats; but this can not be done where clover or 
grasses are sown with the wheat. The most available means of con- 
trol is to sow wheat moderately late, that is, after the fall generation 
of gnats has disappeared, but early enough to secure the maximum 
yield of grain. This safe date varies with the latitude, longitude, and 
elevation above sea level. This date has been carefully determined 
for the different parts of the country and can be ascertained for any 
locality by application to a State or Federal Entomologist. Dr. A. D. 
Hopkins, who has made a very extended investigation of this subject 
states that the first general coloring of the foliage, especially on the 
hickories, dogwood, birch, ash, etc., is, as a rule, coincident with the 
safest and best time to begin sowing wheat on any farm within the 
range of winter wheat culture. 

The wheat-midge, Thecodiplosis mosellana.—This gnat is also a 
very serious enemy of wheat. It deposits its eggs in the opening 
flowers of wheat. The larvee feed on the pollen and the milky juice 
of the immature seeds, causing them to shrivel up and become com- 
paratively worthless. When full-grown the larve drop to the ground, 
where the transformations are undergone near the surface. The 
adults appear in May or June. No effective method of control of this 
pest has been devised. 

Until recently our common wheat-midge was supposed to bethe 
same as the European species the specific name of which is ¢riticz, and 
which has been placed successively in the following genera; 77pula, 

: Cecidomyia, Diplosis, and 
Contarimia. But it has 
been found to be another 
European species the 
Thecodiplosis mosellana. 

The resin-gnat, Re- 
tinodiplosis resinicola.— 
This species infests the 
branches of various 
species of pine. I have 
found it throughout the 
Atlantic region from New 
York to Florida. The 
larvee live together in 
, considerable numbers 

Fig. 1038.—The resin-gnat. within a lump of resin. 
They derive their nourishment from the abraded bark of the twig; 
and the resin exuding from the wound completely surrounds and 
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protects them. The transformations are undergone within the 
lump of resin. After the gnats emerge the empty pupa-skins project 
from the lump of resin as shown at the right in Figure 1038. In 
this figure the gnat, a single wing, and a part of the antenna of each 
sex are represented, all greatly enlarged. 

The pear-midge, Contarinia pyrivora.—The female of this species 
deposits her eggs by means of her long ovipositor, in the interior of 
the unopened blossoms of pear. The young fruit is destroyed by the 
larve. Thereisasingleannual generation. The winter is passed in the 
ground, usually as pupe but sometimes as larve. This is an intro- 
duced Eurcepean species, which has not yet become a serious pest in 
this country. 

The chrysanthemum gall-midge, Diarthronomyia hypogea.—This 
species causes the growth of galls on the leaf, stem, and flower-head 
of the chrysanthemum plant, and is sometimes a serious pest in green- 
houses. A detailed account of it is given in Bulletin No. 833 of the 
U.S. Department of Agriculture. 


SUBSERIES B.—THE ANOMOLOUS NEMOCERA 


In this subseries the antenne are composed of many segments, 
but are shorter than the head and thorax, and are without whorls of 
long hairs. The segments of the flagellum of the antenne are short 
and broad and are closely pressed together. The abdomen is com- 
paratively stout, and the legs are shorter and stouter than in the 
True Nemocera. 


Famity BIBIONID/® 
The March-Flies 


In this family the abdomen is often comparatively robust, and 
the legs shorter and stouter than in most of the families with thread- 
like antenne (Fig. 1039). The antenne are rarely longer than the 
head and thorax, and composed of short, broad, and closely-pressed- 
together segments (Fig. 1040). ‘These insects resemble the fungus- 
gnats in having ocelli; but they differ from them in the shortness of 
the antenne, in the fact that the 
coxe are not greatly elongate, 
and that tibial spurs of any 
magnitude are confined to the 
front ee The venation of the 
Fic. roso.—An. Wings of the typical genus is 
vie ot represented by Figure ror.» The 
cross-vein m-cu is present, and 
vein Cu forks at a considerable distance from the base of the wing. 

The adult flies are generally black and red, sometimes yellow. 
They are most common in early spring; which has suggested the name 


March-flies; but some occur later in the season, and even in the au- 
tumn. 


Fig. 1039.—Bibio. 
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‘The larve vary in habits; some species feed on decaying matter, 
while others attack the roots of growing plants, especially of grass. 


aS ee ee 
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Cu, 
Fig. 1041.—Wing of Bibio. 


They have ten pairs of spiracles, which is a rather large number, al- 
gecuel there are other insects with as many. The pupz are usually 
ree. 

For descriptions of our species of bibionid flies see McAtee (’21). 


Famity SCATOPSIDA 


This family includes minute black flies; our known species measure 
in length from less than one millimeter to three millimeters. Formerly 
these flies were included in the Bibionide; but they differ markedly 
in the venation of their wings from members of that family. In the 
Scatopside vein Cu forks 

Rs 
at or very near the base 
of the wing (Fig. 1042) 
and the cross-vein m-cu 
is wanting. In some 
species there is a vestige 
of an anal vein but 
usually there is none. 

This is a small family, 
only about a score of ca 
species are known from pig. 1042.—Wing of Reichertella collaris. (After 
our fauna; these are de-  Melander.) 
scribed by Melander(’16). 

Most of the known larve live in excrement. One species, Cobdl- 
dia formicarium, is believed to be myrmecophilous, for the adult was 
taken as it crawled from a populous nest of the carpenter ant. In 
this species the wings are vestigial. 


Famity SIMULIIDAE 
The Black-Flies 


The common name, black-flies given to the members of this family 
is not distinctive, for there are many species of other families that are 
of this color; but like many other names that are descriptive in form, 
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it has come to have a specific meaning distinct from its original one. 
It is like the word blackberry; some blackberries are white, and not 
all berries that are black are blackberries. 
In this family the body is short and stout; the thorax is much 
arched, giving the fly a humpbacked appearance (Fig. 104 2)sand the 
legs are comparatively short. The antennz 
are scarcely longer than the head and are & 
eleven jointed; the segments of the flagellum 
are short and closely pressed together (Fig. 
1044), they are clothed with fine hairs, but do 
not bear whorls of long hairs. The ocelli are 
absent. In the male the eyes are very large 
Fig.1043.—Si- and contiguous, and divided; the upper half of 
mulium. each has the facets very much larger than the Fig.1044. 
lower, from which they are distinctly divided 
by a horizontal line. The upper half of each is doubtless a night-eye, 
while the lower half is a day-eye. In the female, the eye facets are of 
almost uniform size; and the two eyes are widely separated. The pro- 
boscis is not elongated, the small labella are horny, and the palpi are 


Fig. 1045.—Wing of Simulium. 


four-jointed. The wings are broad, iridescent, and not clothed with 
hairs. The veins near the costal border are stout; those on the other 
parts of the wing are vestigial (Fig. 1045), and are usually represented 
merely by folds.* 


The females of many species suck blood and are well-known 
pests. Unlike mosquitoes and midges, the black-flies like heat and 
strong light. They are often seen in large numbers disporting them- 
selves in the brightest sunshine. 


*The forked fold that I believe to be a vestige of vein Cu is not so regarded by 
some writers, who refer to it as the fold between media and cubitus and label two 
folds of the anal area as cubitus. I can see no reason for this conclusion; in no 
other flies that I have studied is there a fold between media and cubitus. 
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_ The larve are aquatic; and usually live in swiftly-flowing streams, 
clinging to the surface of rocks in rapids or on the brinks of falls. 
They sometimes occur in such large numbers as to form a moss-like 
coating over the rocks. There is a disk-like sucker fringed with 
little hooks at the caudal end of the body by means of which the larva 
clings to the rocks; and just back of the head there is a fleshy proleg 
which ends in a similar sucker fringed with hooks (Fig. 1046). By 
means of these two organs the larva is able to walk with a looping 
gait similar to that of ameasuring-worm. It hasalso 
the power of spinning silk from its mouth, which it 
uses in locomotion. The hooks on the caudal sucker 
and at the end of the proleg are well adapted to 
clinging to a thread or to a film of silk spun upon the 
‘rock to which the larva is clinging. Respiration is 
accomplished by means of blood-gills, which appear 
on the dorsal side of the last abdominal segment, 
but are evaginations of the ventral wall of the rec- 
tum, and lie, when retracted completely within the Pig. to 46.— 
rectal cavity (Headlee ’06). The head bears two Headotlavsy 
large fan-shaped organs, which aid in procuring 
food. The food consists chiefly of algee and diatoms. 

When full-grown the larva spins a boot-shaped cocoon within 
which the pupal state is passed (Fig. 1047). This cocoon is firmly 
fastened to the rock upon which the larva has lived or to other co- 
coons, for they occur in dense masses, forming a carpet-like covering 
on the rocks. The pupa breathes by tracheal gills which are borne 
on the prothorax. 

The adult fly, on emerging from the pupa-skin, rises to the surface 
of the water and takes flight at once. Soon after this the eggs are 
laid. I have often watched Similium pictipes 
hovering over the brink of a fall where there 
was a thin sheet of swiftly-flowing water, and 
have seen the flies dart into the water and out 
again. At such times I have always found the 
surface of the rock more or less thickly coated 
with eggs, and have no doubt that an egg is 
fastened to the rock each time a fly darts into 
the water. Malloch (’14) states that the eggs 
are deposited in many cases on blades of grass, 

Fig. 1047.—Cocoon twigs, or leaves of trees which are dipping in 

and larva. running water. 

Until recently all members of this family 
were included in the genus Simulium; consequently in nearly all of 
the published accounts of these insects the various species are placed 
in this genus. But later writers have divided the old genus Simulium 
into several genera, Enderlein (’21) now recognizes fifteen genera of 
which seven are represented in North America. 

Monographic papers on the North American species of this family 
have been published by Coquillett (’98), Johannsen (’03) and Malloch 
("14). 
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This is a comparatively small family. Malloch (’14) in his 
“Catalogue of North American and Central American Simuliide” 
lists 38 species. The species that have attracted most attention in the 
United States are the following. 

The Adirondack black-fly Prosimilium hirtipes.—This is a widely 
distributed species but it has attracted most attention in the moun- 
tains of the Northeastern States, where fishermen find it to bea 
scourge in May and June. In this species the radial sector is dis- 
tinctly forked. 

The southern bufialo-gnat, Cuéphia pecuarum.—This is_ the 
“Buffalo-gnat”’ of the Mississippi Valley, which in the past has been 
a terrible pest of mules and other domestic animals, sometimes caus- 
ing their death: but it seems to be much less common now than in 
former years. In this species the radial sector is very indistinctly 
forked at the apex. The popular name of this insect refers toa fancied 
resemblance in the shape of the insect when viewed from onesideto 
that of a buffalo. 

The turkey-gnat, Simiulium meridionadle-—This species closely 
resembles the preceding in habits, infesting all kinds of domestic 
animals, especially in the Mississippi Valley. As it appears at the 
time that turkeys are setting and causes great injury to this fowl, it 
is commonly known as the turkey-gnat. In this species the radial 
sector is not forked. 

The white-stockinged black-fly, Szmalium venistum.—This 
species is widely distributed and is one of the more common species 
of the genus. It can be distinguished from the other species men- 
tioned here by the fact that the tibiz are silvery white above. Inthe 
Adirondacks it appears later than Prosimulium hirtipes and is not so 
serious a pest. Professor Needham writes: ‘‘Guides have a saying, 
that, when the black-flies put on their white stockings in June, the 
trouble is about over. This species has the white stockings’. 

The innoxious black-fly, Simalium pictipes.—This black-fly is 
very widely distributed and at Ithaca it is our most common species. 
Although it may abound where during many summers I have taken 
my classes for study of aquatic insects, I have never known it to bite. 


Famity BLEPHAROCERIDZ 
The Net-winged Midges 


The net-winged midges are extremely remarkable insects; for in 
certain respects the structure of the adults is very peculiar, and the 
larve appear much more like crustaceans than like insects. 

The adults are mosquito-like in form; but they differ from all 
other insects in having the wings marked by a net-work of fine lines 
which extend in various directions and are not influenced at all by 
the veins of the wing (Fig. 1048). They are, however, quite constant 
in their position in the species that I have studied. 

When a wing is examined with a microscope, the fine lines are 
seen to be slender thickenings extending along the courses of slight 
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folds in-the wing. The significance of these folds is evident when a 
net-winged midge is observed in the act of issuing from its pupa-skin. 


Fig. 1048.—Wing of Blepharocera tenutpes. 


When the wing is first pulled out of the wing-sheath of the pupa, that 
part of it which is crossed by the fine lines is plaited somewhat like a 
fan and folded over the other portion. By this means the wing, 
which is fully developed before the adult emerges, is packed within 
the wing-sheath of the pupa, which is much shorter and narrower 
than the wing. When the wing is finally unfolded, it does not become 
perfectly flat, but slight, alternating elevations and depressions 
remain, showing the positions of the former folds, a permanent record 
of the unique history of the wings of these insects. 

Ordinarily the wings of insects, while still in the wing-sheaths of 
the pupa, are neither longer nor wider than the wing-sheaths, but 
expand after the adult emerges from the pupa skin. Usually it takes 
considerable time for the wings to expand and become fit for flight 
and during this interval the insect is in an almost helpless condition. 
In certain caddice-flies 
that emerge from ° 
swiftly-flowing water, ed 
the time required for 
the expansion of the 
wings has been re- 
duced to the mini- 
mum. In the net- 
winged midges, which 
also emerge from 
swiftly-flowing water 


the difficulty is met by Fig. 1050 
the ees reaching Fig. 1049.—Section of head through the eyes 
themeull develop- of Blepharocera tenutpes: 0, ocelli; br, 


ment before the adult brain; /. f, large facets; s. f, small facets, 
leaves the pupa-skin. 0.1, optic lobes. (From Kellogg.) 
It is only necessary ; 
when the adult emerges from the water that it should unfold its 
wings to be ready for flight. 

The members of this family have three ocelli. The compound 
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eyes are usually divided in both sexes; the upper part of each eye 
being composed of large facets, characteristic of night-eyes, and the 
lower part, of smaller facets, characteristic of day-eyes, in a few 


Fig. 1051.—Mouth-parts of female of 
Bibiocephala doanei: 1. ep, labrum- 
epipharynx; md, mandibles; mx. 1, 
maxillary lobe; mx. p, maxillary pal- 
pus; hyp. hypopharynx; /z, labium; 
pg, paraglossa. (From Kellogg.) 


species the eyes are divided only 
in the males. Figure 1049 repre- 
sents a section of the head of the 
Blepharécera tenuipes through the 
eyes. The antennz are thread- 
like, but are not furnished with 
whorls of long hairs (Fig. 1050). 
The mouth parts are elongate; 
the females have slender flat- 
tened elongate mandibles (Fig. 
tost) the males are without 
mandibles. The legs are very 
long. On the dorsum of the 
mesothorax there is on each side, 
beginning just in front of the base 
of the wing, a well-marked suture 
like that of the crane-flies; but 
the two do not meet so as to form 
a continuous V-shaped suture as 
in the Tipulide. 

In some species at least there 
are two kinds of females, which 
differ somewhat in the shape of 
the head. These two forms also 
differ in habits, one being blood- 
sucking, the other feeding upon 
nectar. The adults may be found 
resting on the foliage of shrubs 


or trees on the margins of mountain-brooks, or dancing in the spray 


of waterfalls. 

The immature forms of these in- 
sects are even more wonderful than 
are the adults. The larve live in water, 
in swiftly-flowing streams, where the 
water flows swiftest. I have observed 
the transformations of Blepharocera 
tenutpes, which is abundant in some of 
the ravines near Ithaca, N. Y. 

The larve of this species are readily 
seen on account of their black color, 
and are apt to attract attention on 
account of their strange form. (Fig. 
1052, a). At first sight the body ap- 
pears to consist of only seven segments, 
but careful examination reveals the 
presence of smaller segments alterna- 


Fig. 1052.—Blepharocera: a, larva, 
dorsal view; b, larva, ventral 
view; ¢, puparium, side view. 


ting with these. Each of the larger segments except the last bears a 
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pair of conical, leg-like appendages. On the ventral side of the body 
(Fig. 1052, b) each of the seven larger segments except the last bears 
a sucker, the cavity of which extends far into the body, and each of 
these segments except the first bears two tufts of tracheal gills; but 
those of the last segment are united. The head, which forms the 
front end of the first of the seven larger divisions, bears a pair of 
slender antenne, each of these consists of a very short basal segment 
and two long segments; at the tip of the last of these there is a pair 
of minute appendages and a bristle. The suture between the head 
and the remaining parts of the first division is best seen on the ventral 
side of the body. On the dorsal side a suture may be seen dividing 
the last division into two segments. 

The pupa-stage is passed in the same place as the larval. Like 
the larve the pupe are very conspicuous on account of their black 
color, and are apt to occur like the larve closely clustered together. 
The pupa is not enclosed in the larval skin, and differs greatly in form 
from the larva. On the dorsal side the skin is hard, forming a convex 
scale over the body (Fig. 1052, c); and the thorax bears a pair of 
breathing organs, each composed of four flattened leaves, two of 
them delicate tracheal gills, and the other two protecting chitinized 
plates; on the ventral side the skin is very delicate, soft, and trans- 
parent; so that the developing legs and wings may be easily seen 
when the insect is removed from the rock. The pupe cling to the 
rock by means of six suckers, three on each side near the edge of the 
lower surface of the abdomen; and so firmly do they cling that it is 
difficult to remove specimens without breaking them. 

I have watched the midges emerge from their pupa-skins and 
escape from the water. The pupz occurred in groups so as to form 
black patches on the rocks. Each one was resting with its head down 
stream. Each midge on emerging forced its way out through a trans- 
verse rent between the thorax and abdomen. It then worked its 
body out slowly and in spite of the swift current held it vertical. The 
water covering the patch of pupz varied from 6 mm. to 25 mm. in 
depth. In the shallower parts the adult had no trouble in working 
its way to the surface still clinging to the pupa-skin by its very long 
hind legs. 

While still anchored by its legs the midge rests on the surface of 
the water for one or two seconds and unfolds its wings; then freeing 
its legs it takes flight. The adults emerging from the deeper water 
were swept away by the current before they had a chance to take 
wing. The time required for a midge to work its way out of the pupa- 
skin and take flight varied from three to five minutes. 

The larve of the net-winged midges live only in swift-flowing 
streams; they are found, therefore, only in mountainous or at least 
hilly regions. It is believed that they feed chiefly on alge and di- 
atoms. It does not seem probable that these delicate midges can 
deposit their eggs on the rocks in the swift-running water where the 
larve live, as do the females of Simulium. It is more likely that the 
eggs are deposited on the wet rocks at the margins of the stream and 
that the larve migrate to the center of the stream. 
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This family is a small one; but it is world-wide in distribution. 
Representatives of it have been found in both North and South 
America, in Europe, and in Australia and New Zealand. A mono- 
graph of the North American species was published by Kellogg (’03) 
and one of those of the world by the same author (’07), a table of the 
North American species is given by Kellogg in Williston (’08). 


Famity THAUMALEIDAt 
The Solitary-Midge 


Only a single species of this family is known to occur in North 
America; this is Thaumdlea americana. It is a small fly measuring 
about 8 mm. in length, and is found on the banks of streams. 

The antenne are short, about as long as the head, and nearly of 
the same structure in the two sexes; the segments of the antenne ex- 
cept those at 
the base are 
slender and 
are clothed 
with a few 
short hairs. 
The ocelli 
are wanting. 
The eyes are 
largeand 
meet in front 
in both sexes. 

Fig. 1053.—Wing of Thaumalea americana. The venation 

of the wings 

is illustrated by Fig. 1053 vein R, ends at or near the end of the 

second third of the costal margin; the radial sector is two-branched; 
media is simple; and there are no anal veins. 

The larvee live in streams and resemble those of Chironomide. 

This family has been commonly known as the Orphnephilide; 
but it has been shown by Bezzi (’13) that the typical genus was first 
described under the name Thaumalea. 


SERIES II—BRACHYCERA* 
The Short-horned Orthorrhapha 


In most of the families included in this division of the Orthorrhapha 
the antennz are short and three-jointed, the flagellum being reduced 
to a single segment, with or without a style or arista; but in the first 
subseries, the Anomalous Brachycera, the flagellum is more or less 
distinctly segmented. In all of the Brachycera the palpi are porrect 
and one- or two-jointed; and the first anal cell is either closed or 
narrowed towards the margin of the wing. 


*Brachycera: brachy, short; ceras (xepas), a horn. 
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SUBSERIES A—THE ANOMALOUS BRACHYCERA 


In the families constituting this subseries the antennz consist of 
five or more segments; but those beyond the second, the flagellum, 
are usually more or less consolidated. In some cases the antennz do 
not differ markedly in form from those of certain Anomalous Ne- 
mocera; but the Brachycera are sharply distinguished from the Ne- 
mocera by the palpi being porrect and only one or two-jointedand by 
the fact that the anal cell is either closed or narrowed towards the 
margin of the wing. In this subseries the head and thorax are not 
furnished with strong bristles and the empodia are pulvilli-form. 


Famity TABANID® 
The Horse-Flies 


The horse-flies are well-known pests of 
stock, and are often extremely annoying to 
man. They appear in summer, are common 
in woods, and are most abundant in the hottest 
weather. 

. In this family the flagellum of the antenne 
Pie 1054-— is composed of from four to eight, more or less 
ntenna : : ; 

of Taba-closely consolidated segments and is never Fig. 1055.-- 
nus. furnished with a distinct style or arista (Figs. Antenna 
1054, 1055). The wing-veins (Fig. 1056) are of Chry- 

evenly distributed over the wing, as the eee 
branches of vein R are not crowded together as in the following 
family; the costal vein is continued as an ambient vein which extends 


Fig. 1056.—Wing of Tabanus. 


completely around the wing; the alulets are large, in other Anomalous 
Brachycera they are small or vestigial. 

The flight of these flies is very powerful, they are able to outstrip 
the swiftest horse. The males feed on the nectar of flowers and on 
sweet sap. The mouth-parts of the female are fitted for piercing the, 
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skin and sucking the blood of men and quadrupeds; the females, 
however, also feed on sweets of plants when they cannot obtain blood. 

The larger species, as well as some 
of moderate size, belong to the genus 
Tabanus of which nearly two hundred 
species are listed from North America. 
One of the most common of these is 
the mourning horse-fly, Tabanus at- 
ratus. This insect is of uniform black Fig. 1058.- 
color throughout, except that the Cfry- 
body may have a bluish tinge (Fig. sae Mi 
1057). The species of this genus attack ae 
cattle and other farm animals almost exclusively. 

Fig. 1057.—Taba- To the genus Chrysops belong the smaller and 
nus atratus. more common horse-flies with banded wings (Fig. 
1058). The species of this genus attack man as 

well as other animals. To this genus belong the well-known deer-flies 

; familiar to fishermen and hunters. Sixty- 
three North American species of this 
genus are listed by Aldrich. 

The eggs are deposited in large masses 
on plants or on exposed stones in the bed 
of a stream. 

The larve are aquatic or semi-aquatic. 
As far as known, they are predacious, 
feeding on various small animals, some 
upon snails, others upon the larve of 
insects. In most cases they have a single 
pair of spiracles, which is situated at the 
hind end of the body; some have a pair 
of spiracles at each end of the body. 
Figure 1os59 represents a larva of Tab- 
anus. 

The pupa is not enclosed in the skin 
of the larva. 

Hine (’03) redescribes all Ohio Species 
and gives a table of the North American 
genera, 


Famity STRATIOMYIID2 
The Soldier-Flies 


Fig. 1059.—Larva of Tabanus. The soldier-flies are so called on ac- 
(Photo. by M. V. Slinger- count of the bright-colored stripes with 
land.) which some of the species are marked. 

In the more typical members of this 
family the abdomen is broad and greatly flattened (Fig. 1060) and 
the wings when at rest lie parallel upon each other over the abdomen. 

But in some genera the abdomen is narrow and considerably elongate. 
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The antenne vary greatly in form, in some genera the flagellum 

is long and consists of several quite distinct segments (Fig. 1061) in 
others it is short with but few indis- 
tinctly separated segments and with 
an arista (Fig. 1062) as in the True 
Braclhrycera. 

The most distinctive characteris- 
tic is the peculiar venation of the 
wings (Fig. 1063). The branches of 

Fig. ro60.-- Vein R are crowded together near the 
Strati- costal border of the wing; and the first 
omyia. —_ cell Me is unusually short and broad; 

the branches of vein M and vein Cu 

are comparatively weak, and the tibie are with- Fig. 1061. 

out spurs. 

These flies are found on flowers and leaves, especially in the vi- 
cinity of water, and in bogs and marshes, but some species are 
found far from water. 

The larve occur in various situations; some are aquatic and 
feed upon alga, decaying vegetable matter, and small Crus- 
tacea; some live in privies, in cow-dung, and in other decaying 


Fig. 1062. 


Fig. 1063.—Wing of Stratiomytia. 


matter; some are found under bark of trees that has become slightly 
loosened and feed upon sap and upon insect larvee; and some have 
been found in nests of Hymenoptera and in those of rodents, where 
they act as scavengers. 

The larve are spindle-form or elliptical and flattened, and with 
the surface of the body finely shagreened. The posterior pair of 
spiracles is situated in a cleft or chamber at the end or near the end 
of the body. In the aquatic forms the apical respiratory chamber is 
furnished along its margins with long plumose hairs. When thelarva 
is at rest hanging from the surface of the 
water these hairs are spread radiatingly upon 
the surface film; they thus form a means of eee 
support and prevent the water from enter- 
ing the respiratory chamber. Fig. 1064.—Puparium of 

The aquatic species leave the water to Odontomyia. a 
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transform. The pupz of the Stratiomyiide are enclosed within the last 
larval skin, differing in this respect from other Brachycera (Fig. 1064). 
This is a large family; more than three hundred species, represent- 
ing more than forty genera, have been described from North America 
| 


j 


Famity XYLOMYIID& 


mt group together here, provisionally, two genera, as representing 


Fig. 1065.—Wing of Xylomyia. (After Verrall.) 


a separate family, that have been placed by some writers 
in the Stratiomyiide and by others in the Rhagionide. 
These genera areXylomyia and Rhachicerus. Both differ 
from the Rhagionide, as restricted here, in the form of 
the antennz, they clearly belong with the Anomalous 
Brachycera. They differ from the Stratiomyiide in that 
the branches of radius are not crowded together near the 
costal border of the wing and in the possession of tibial 
spurs. They agree with each other and differ from all 
other Anomalous Brachycera found in our fauna in that 
cell M3 is closed (Fig. 1065).- 

Xylémia.—This genus includes rather elongate flies, 
somewhat Ichnenmon-like inappearance, which are mainly 
of black coloration with more or less yellow markings. 
The flagellum of the antennz consists of eight closely con- 
solidated segments, the last of which usually bears a tiny 
style (Fig. 1066). Six species have been described from 
our fauna. 

The larve of Xylo- 
mya pallipes have been 
found under the bark of 
fallen trees and are pre- 
dacious. 


Fig. 1067.—Antenna of Rhachicerus. 


Fig. 1066.-- 
Antenna 
of X ylo- 
myta. 
(After 
Verrall.) 


_Rhachicerus—The members of 
this genus resemble Xylomyia in the 
form of the body but differ mark- 


(From Williston.) edly in the structure of the antennz. 
In Rhachicerus the flagellum of the 


antenne consists of from twenty to thirty-five segments. 


The seg- 


ments of the flagellum are more or less cup-shaped; and in some species 
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one edge of each segment is prolonged so that the antennz are pecti- 
nate (Fig. 1067). Four species of this genus have been found in America 
north of Mexico. 

The larva of Rhachicerus nitidus has been found in a decayed log. 


FamMILty XYLOPHAGIDA 


This family, like the preceding one, includes slender flies, which 
are Ichneumon-like in appearance. It is distinguished from other 
Anomalous Brachycera as follows: from the Stratomyiidz in that 
the branches of radius are not crowded together near the costal border 
of the wing (Fig. 1068) and in the possession of tibial spurs; from the 


Fig. 1069.-- 


: Antenna 
Cu2+2d A of Xylo- 


; errs phagus 
Fig. 1068.—Wing of Xylophagus. Bad: 


palpus. 


Xylomyiide in that cell M; is open; and from the Coenomyiide in the 
absence of spinous protuberances on the scutellum. The flagellum of 
the antenne consists of several closely consolidated segments; the 
antenna of a member of the typical genus is represented in Figure 
To69. 

This family is represented in our fauna by the following genera: 


Fig. 1070.—Wing of Cenomyia ferruginea. (After Verrall.) 


Xylophagus, Glutops, Arthoceras, Arthropeas, and Misgomyra. These 
genera include sixteen species described from our fauna. 
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The larvee that are known live in earth or under the bark of rotten 
trees and feed upon the larve of other insects. 


Famity CHNOMYIIDA 


The members of this family differ from the Stratiomyiide in that 
the branches of radius are not crowded together near the costal 
border of the wing (Fig. 1070) and in the possession of 
tibial spurs; and they differ from all other Anomalous 
Brachycera in that the scutellum is armed with two spinous 
protuberances. The eyes are pubescent; the flagellum of 
the antenne consists of eight closely consolidated seg- 
ments (Fig. 1071); veins M3; and Cu; anastomose for a 
considerable distance; and the tips of veins Cup and 2nd 
A are narrowly separated or, rarely, united for a short 
distance. 


DN 


(SI 


This family is represented in our fauna by a single 
species, Cenomyia ferruginea. This is a large thick- 
bodied fly, often measuring 25 mm. in length; but it 
varies greatly in size. It is of a pale yellowish brown 


‘ color. 
eee The larve are usually found in the ground, but they are 


of Ceno- sometimes found in decaying wood; they are predacious, 
mytd. feeding upon insect larvee. 


SUBSERIES B—THE TRUE BRACHYCERA 


In the families constituting this subseries the antenne are usually 
three-jointed, but in some cases they are four- or five-jointed; the 
third segment is not ringed, but usually bears a style or an arista. A 
similar type of antenna is possessed by the Cyclorrhapa, which were 
formerly on this account included in the Brachycera; but this term 
is now restricted to the Short-horned Orthorrapha. 

In the first three families the head and thorax are not furnished 
with strong bristles and the empodia are pulvilliform. 


Famity RHAGIONIDA* 
The Snipe-Flies 


These trim-appearing flies have rather long legs, 

a cone-shaped abdomen tapering towards the hind 

end (Fig. 1072) and sometimes a downward-projecting 

proboscis, which with the form of the body and legs 
has suggested the name snipe-flies. Fi - 

The body is naked or hairy, but it is not clothed c ie coe 

with strong bristles. Frequently the hairy covering pila tho- 
though short, is very dense and is of strongly-contrasting racica. 


_ *This family has been commonly known as the Lepti ioni 
is the older name and is now coming into use. Feabihpeniidacaanad 
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colors. Three ocelli are present. The antenne are only three- 
jointed and the third segment bears a style or an arista (Fig. 1073). 
The proboscis is usually short, only afew 
members of the family having it long like 
the bill of a snipe. The wings are broad, 
and whenat rest areheld half open. The 
empodia are pulvilliform (Fig. 1074). 
The venation of the wings is compara- 
tively generalized. Figure 1075 represents 
the venation of a wing of the typical 
genus. 
The flies are usually of moderate size. 
Fi __ They may be found about low bushes and 
omer O73": : 
Antenna On tall grass. They are sometimes slug- 
of Chryso- gish and, therefore, easily caught. They 
pila. are sometimes predacious upon other 
insects, and the species of Symphoromyia suck blood as do horseflies. 


The females of the genus Athérix have the remarkable habit of 
clustering in large numbers on branches or rocks overhanging water, 
where they deposit their eggs in common, and dying as they do so, 
add their bodies to the common mass, which may contain thousands 


Sc R, R.+3 


Fig. 1075.—Wing of Rhagio. 


of individuals. Figure 1076, copied from Sharp (’99) represents a 
European species, Atherix zbis, natural size, and a mass of dead flies, 
much reduced. It is said that the larvee feed upon the bodies of the 
dead mothers until the mass is loosened and falls into the water, 
where the larvze complete their growth. Other writers state that the 
larve drop into the water when hatched. 


Large masses of these flies have been observed in various parts of 
this country; and formerly, in the Far West, they were collected by 
the Indians and used for food after being cooked. It is said that as 
many as a hundred bushels of flies could be collected in a single day. 
For an account of the methods of collecting the flies and of preparing 
them for food practiced by the Indians see Aldrich (12). 
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The larve of this family are found in various situations; some 
as those of Atherix live in water, but a larger number live in earth, 
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Fig. 1076.—Antherix ibis: A. The fly, 
natural size; B, mass of dead flies 
overhanging water, much reduced. 
(From Sharp.) 


in decaying wood, or in sand. 
The larve of Vermileo resemble 
ant-lions in habits, digging pit- 
falls in sand for trapping their 
prey. Only one species, Vermiles 
comstécki, has been found in 
America; this lives in the moun- 
tains of California; other species 
are well-known in Europe. I pro- 
pose the common name ant-tigers 
for the larve of this genus. 


Famity NEMESTRINIDA 
The Tangle-veined Flies 


The members of this family 
are of medium size; some of them 
resemble horse-flies, and others 
bee-flies. They can be recognized 
by the peculiar venation of the 


wings, there being an unusual amount of anastomosing of the veins 
(Fig. 1077), which gives the wings a very characteristic appearance. 


The antennz are small and short; the third segment is simple 


and furnished with a slender, jointed, terminal style. 


The proboscis 


is usually long, sometimes very long and fitted for sucking nectar 


2d A+ U2 


Fig. 1077.—Wing of Parasymmictus clausa. 


from flowers. The head and thorax are not armed with strong bristles, 


and the empodia are pulvilliform. 


But little is known regarding the habits of the larve; one species 
has been found to be an internal parasite of coleopterous larve. 
Only six species have been found in America north of Mexico. 
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Famity ACROCERIDA* 
The Small-headed Flies 


These flies are easily recognized by the unusually small head, the 
sarge humpbacked thorax, the inflated abdomen, and the very large 
alulets (Fig. 1078). The body is devoid of bristles 
and the empodia are pulvilliform. ii 

The head is composed almost entirely of eyes, 2 
and in some genera is minute. The eyes are contig- 
uous in both sexes or nearly so. The antennz are 
three-jointed, and are furnished with a style or an pj g. 1078.— 
arista in some genera, in others not. Sometimes the Pterodontia 
antenne are apparently two-jointed, the first seg- misella. 
ment being sunken in the head. The venation of 
the wings varies greatly in the different genera. The accompanying 
figure (Fig. 1079) represents a single genus rather than the family. 

The flies are generally slow and feeble in their movements. In 
some species that feed upon flowers the proboscis is very long, some- 
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Fig. 1079,—Wing of Eulonchus. 


times exceeding the body in length. Other species take no nourish- 
ment in the adult state, and have no proboscis. 

The larve of only a few members of this family have been ob- 
served; these are parasitic in the egg-sacs or in the bodies of spiders. 
The life-history of an American species, Pterodéntia flavipes has been 
described by King (’16). The females of this species deposit their 
eggs on the bark of trees; they produce a large number of eggs; in one 
of the cases observed these numbered 3,977. This production of many 
eggs is doubtless an adaptation made necessary by the fact that many 
of the young larve will fail to find spiders to attack and will conse- 
quently perish. A larva that succeeds in finding a spider bores into 
its body and there lives till fully grown; it leaves the body of its host 
to transform. 


*This is the family Cyrtide of some authors; but Acroceride is the older name. 
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A monograph of the North American species of this family was 
published by Cole (’19). 


Famity BOMBYLIID 
The Bee-Flies 


These flies are mostly of medium size, some are small, others are 
rather large. In some the body is short and broad and densely 
clothed with long, delicate hair (Fig. 1080). 
Other species resemble the horse-flies somewhat 
in appearance, especially in the dark color or 
markings of the wings; but these can be dis- 
tinguished from the horse-flies by the form of 
the antenne and the venation of the wings. 

The antenne are usually short; they are 
three-jointed with or without a style; in some 
genera the style is so large that it may be con- 
sidered a fourth segment. The ocelli are pres- 
ent. The proboscis is sometimes very long and slender, and some- 
times short and furnished with fleshy lips at the extremity. 

The radial sector is three-branched; cell R3 is sometimes divided 
by a sectorial cross-vein (Fig. 1081, s); cell M3 is obliterated by the 
coalescence of veins M; and Cuy;in a few genera cell My, is also oblit- 
erated by the coalescence of veins M1 and Mp; cell rst A is narrowly 


Fig. 1080.—Bombylius. 
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Fig. 1081.—Wing of Pantarbes capito. 


open, or is closed at or near the border of the wing. The alulets are 
small or of moderate size. ‘The empodia are pulvilliform. 

The adult flies feed on pollen and nectar, and are found hovering 
over blossoms, or resting on sunny paths, sticks or stones; they rarely 
alight on leaves. 

The larve are parasitic, infesting hymenopterous and lepidopter- 
ave larve and pup and the egg-sacs of Orthoptera. The pupz are 

ree. 

The family is a large one; more than four hundred and fifty North 
American species, representing forty-one genera are listed by Aldrich 


(’05). 
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Famity THEREVID 
The Stiletto-Flies 


With the flies of this family the head is transverse, being nearly 
as wide as the thorax; and the abdomen is long and tapering, suggest- 
ing the name stiletto-flies. These flies are small or of medium size; 
they are hairy or bristly. The antenne are three-jointed; the third 
segment is simple, and usually bears a terminal style; but this is some- 
times wanting. Three ocelli are present. The legs are slender and 
bristly; the empodia are wanting. 

The radial sector is three-branched, (Fig. 1082) and the last 
branch, vein Rs, terminates beyond the apex of the wing; the three 
branches of media are separate; the cross-vein m-cu is present; and 
the first anal cell is usually closed. 


Fig. 1082.—Wing of Thereva. 


The adult flies are predacious; they conceal themselves among 
the leaves of low bushes or settle on the ground in sandy spots, wait- 
ing for other insects, chiefly Diptera, upon which they prey. 

The larve are long and slender, and the body is apparently com- 
posed of nineteen segments. They are found in earth, fungi, and de-- 
caying wood. They feed on decaying animal and vegetable matter 
and are said to be predacious also. The pupz are free. 

The family is a comparatively small one, including but few genera 
and species. 


Famity SCENOPINIDAD 
The Window-Flies 


The window-flies are so-called because the best-known species 
are found almost exclusively on windows; but the conclusion that 
these are the most common flies found on windows should not be 
drawn from this name; for such is not the case. 
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These flies are of medium size, our most common species measuring 
6 mm. in length. They are usually black, and are not clothed with 
bristles. The thorax is prominent, and the abdo- 
men is flattened and somewhat bent down, so 
that the body when viewed from the side presents 
a hump-backed appearance (Fig. 1083). When at 
rest, the wings lie parallel, one over the other, on 
Fig. 1083.— the abdomen; when in this position they are very 

Scenopt- Fic, inconspicuous. There are three ocelli. The an- 

Wha ee tenn are three-jointed; the first and second seg- 
ments ate short, the third is long and bears neither 
a style nor an arista (Fig. 1084). 

The venation of the wings is represented by Figure 1085. The 
radial sector is three-branched; cells Mi and M; are both obliterated 
by the coalescence of the veins that bound them; the first anal cell is 
closed at a considerable distance before the margin; and cell R is much 
longer than cell 2d M. 


The larve, which are sometimes found in dwellings under carpets 
or in furniture, are very slender, and are remarkable for the appar- 
ently large number of the segments of the body, each of the abdom- 


Fig. 1085.—Wing of Scenopinus. 


inal segments except the last being divided by a strong constriction. 
They are also found in decaying wood, and are supposed to be carniv- 
orous. 


The family is a very small one. The most common species is 
Scendpinus fenestralis. 


Famity ASILIDA 
The Robber-Flies 
These are mostly large flies, and some of them are very large. The 


body is usually elongate, with a very long, slender abdomen (Fig. 
1086); but some species are quite stout, resembling bumblebees in 
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form. This resemblance is often increased by a dense clothi 
black and yellow hairs. Z a ies 
In this and the following family the vertex of the head is hollowed 
out between the eyes (Fig. 1087). In this family the proboscis is 
pointed and does not bear fleshy lips at the tip. The antenne project 
forward in a prominent manner. They are three-jointed, and with or 


Fig. 1086.—Erax api- 
calis destroying a 


SOP Ou. Fig. 1087.—Head of 
a robber-fly. 


Fig. 1088. 


without a terminal style. The style when present sometimes appears 
like one or two additional segments (Fig. 1088). 

Vein M; (Fig. 1089) does not terminate at or before the apex of 
the wing as in the following family. Cell Ms; is present, but is usually 
closed by the coalescence of the tips of veins M3; and Cu,. The tips 
of veins Cu, and 2d A may or may not coalesce for a short distance. 

The robber-flies are extremely predacious. They not only destroy 
other flies, but powerful insects, as bumblebees, tiger-beetles, and 
dragon-flies, fall prey to them; they will also feed upon larve. They 
are common in open fields and are asapt to alight on the ground as on 
elevated objects. 


Fig. 1089.—Wing of Erax. 


The larve live chiefly in the ground or in decaying wood, where 
they prey upon the larve of beetles; some, however, are supposed to 
feed upon the roots of plants. The pupz are free. 

More than five hundred North American species of this family, 
representing seventy-five genera, have been described. 
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Famity MYDAIDAi 
The Mydas-Flies 


The Mydas-flies rival the robber-flies in size, and quite closely 
resemble them in appearance. As in that family, the vertex of the 
head is hollowed out between the eyes; but these flies can be 
distinguished by the form of the proboscis, which bears a pair 
of fleshy lobes at the tip, by the form of the antennez, which 
are four-jointed, long and more or less clubbed at the tip 
(Fig. 1090), and by the peculiar venation of the wings (Fig. 
rog1), vein M, terminating at or before the apex of the wing, 
and the branches of vein R coalescing near the apex of the 
wing in an unusual way. 

The adults are said to be predacious. The larvee of some 
species, at least, live in decaying wood, and some are known 
to prey upon the larve of beetles. 

The family is a small one, there being only about one 
hundred known species, of these nearly fifty have been found in 


1090. 


Fig. 1091.—Wing of Mydas. 


North America, but most of these occur south of the United States. 
The family includes the largest known Diptera. 


Famity APIOCERIDA 
The Aptocerids 


This family includes only a small number of species, which are 
rare and occur in the Far West. They are rather large and elongate, 
and are found upon flowers. 

The head is not hollowed out between the eyes; the ocelli are 
present; the antenne are three-jointed, with or without a short simple? 
style; the proboscis is not adapted for piercing. The radial sector is 
usually three-branched, but sometimes it is only two-branched; all 
of the branches of vein R end before the apex of the wing (Fig. 1092); 
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cell M; is present but closed by the coalescence of veins M3 and Cuy 


Cu,+2d A 
Fig. 1092.—Wing of A piocera. 


at the margin of the wing; and the medial cross-vein is present. The 
empodia are wanting. The larve are unknown. 


Famity DOLICHOPODID 
The Long-legged Flies 


These flies are of small or medium size and usually bright metallic 
green or blue in color. The legs are much longer than is usual in the 
families belonging to the series of short-horned flies 
(Fig. 1093). This suggested the name Dolichopus, 
which means long-footed, for the typical genus; and 
from this the family name is derived. It should be 
remembered however, that these flies are long-legged 
in comparison with the allied families, and not in 
comparison with crane-flies and midges. 

The members of this family are easily distin- Fig, 1093.—Do- 
guished as such by the peculiar venation of the wings, ne es us lo- 
the most characteristic features of which are the ; 
following: cells M and 1st Me are rarely if ever separated by a com- 
plete vein; the basal part of vein Ms; being either atrophied Fig. 
1094) or represented bya short spur (Fig. 1095); veins Ro+3 and Ru4s5 
separate near the base of the wing, and there is usually at the point 
of separation a more or less knot-shaped swelling; the cross-vein r-m, 
when present, is near this swelling, so that cell R is very short. 

The members of this family have three ocelli; the antenne are 
three-jointed; the second segment of the antennz is sometimes ves- 
tigial and the third segment bears an arista; the palpi are one-jointed; 
and the empodia are not pulvilliform. 

The adults are predacious and hunt for smaller flies and other 
soft-bodied insects. They are usually found in damp places, covered 
with rank vegetation. Some species occur chiefly on the leaves of 
aquatic plants, and about dams and waterfalls; and some are able to 
run over the surface of water. Others occur in dry places. 
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In the genus Melandéria, of which two species have been found 
on the Pacific Coast, the outer lobe of the labella is mandible-like, 


Myt+Cu 
Fig. 1094.—Wing of Dolichopus coquillettt. 


and doubtless functions as a mandible. For descriptions of these 
remarkable flies see Aldrich (’22). 


The males of some species have the fore tarsi exceedingly elon- 
gated and slender, with the last segment in the shape of a compara- 
tively large, oval, black disk, as shown in Figure 1093; in others the 
front tarsi are plain but the middle ones are elongated, thickened, and 
very black; and in still others the first two segments of the antennz 
are ornamented with coarse black hair and the arista covered with a 
black pubescence. In several cases the males have been observed to 
display these ornaments before the female when courting. Detailed 
accounts of these observations are given by Professor Aldrich in the 
monograph of Dolichopus by Van Duzee, Cole, and Aldrich (’21). 


The larve live in a variety of situations, some in earth or decom- 
posing vegetable matter, some in the burrows of wood-boring larve 


MytCits 
Fig. 1095.—Wing of Psilopodius sipho. 


and also under bark; some in the stems of plants; and some are 
aquatic. But little is known regarding the habits of the larve; it is 
said that some species feed on decaying vegetation, while others are 
believed to be predacious. 
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This is a very large family; and representatives of it are common 
everywhere in the United States and Canada. 


Famity EMPIDIDA 
The Dance-Flies 


_ The dance-flies are of medium or small size; they are often seen 
in swarms flying with an up and down movement under trees or near 
shrubs and over the surface of water. These flies are predacious, like 
the robber-flies, but they also frequent flowers. The family is a 
rather difficult one to characterize owing to great variations in the 
form of the antenne and in the venation of the wings. 


The branches of vein Cu coalesce with the adjacent veins (vein 
Cu, with vein M3 and vein Cup with vein 2d A) from the margin of 
the wing towards the base for a considerable distance (Fig. 1096). 
In most genera this coalescence is carried so far that the free parts of 
the branches of vein Cu appear like cross-veins. The only other 


2d A+Cu, Cu.+M, 


Fig. 1096.—Wing of Rhamphomyia. 


families of the suborder Orthorrhapha in which this occurs are the 
Dolichopodide and the Lonchopteridz, and the venation of the 
wings in each of these is very different from that of the Empidide. 

The antennz are three-jointed, the first and second segments are 
often very small, and then appear like a single segment, the third 
segment may or may not beara style or an arista. The mouth-parts 
are in many cases long, and extend at right angles to the body or are 
bent back upon the breast. 

The larve live in various situations, some in the ground or in 
decaying wood, and some species are aquatic; they are believed to be 
either predacious or scavengers. The pupz are free. 

This family is a large one. It was monographed by Coquillett 
(96) and by Melander (’o02). 
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Famity LONCHOPTERIDA 
The Spear-winged Flies 


These are minute flies, which measure from 2 mm. to 4 mm. in 
length, and are usually brownish or yellowish but never green nor 
metallic in color. When at rest the wings are folded flat, one over 
the other, on the abdomen. The apex of the wing is pointed, and the 
wing as a whole is shaped somewhat like the head of a spear (Fig. 
1097). This suggested the family name. ’ 

The venation of the wings is very characteristic, and is sufficient 
to distinguish these flies from all others. The cross-veins r-m and 
m-cu are oblique, and near the base of the wing. Vein Cuz is very 
short, and extends towards the base of the wing. In the females 


an M,Cu, 
Fig. 1097.—Wing of Lonchoptera, female. 


vein Cu; coalesces with vein Ms; as shown in the figure, but in the 
males the tip of vein Cu; is free. The posterior lobe is wanting. 

Three ocelli are present. The antennz are three-jointed; the 
third segment is globular, and bears a long arista. 

These flies are common from spring till autumn, in damp grassy 
places. They frequent the shores of shady brooks, where the atmos- 
phere is moist. The males are very rare in this country. Professor 
Aldrich examined over 2,000 specimens and found only two males 
among them. 

“The larve live under leaves and decomposed vegetable matter. 
The larva transforms into a sort of semipupa within the last larval 
skin, and later into a true pupa”’ (Williston ’o8). 

The family includes a single genus, Lonchdéptera, of which only 
three North American species are known. 


SUBORDER CYCLORRHAPHA* 
The Circular-seamed Flies 


To this suborder belong those families of flies in which the pupa is 
always enclosed in a puparium from which the adult escapes through 


*Cyclérrhapha: cyclos. (kékdos), a circle; rhaphe, (pag¢%), a seam. 
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a round opening made by pushing off the head-end of it. (Fig. 
1098); the cap thus pushed off is often split lengthwise, Ww 
as shown in the figure. The adult flies possess a frontal 
lunule and except in the first four families a frontal suture, 
through which the ptilinum is pushed out, when the adult 
is about to emerge from the puparium. 

The antennez are three-jointed, with a terminal or ¥ 

dorsal arista, rarely with a terminal style; in the Pupipara Fig. 1098. 


the antennz are apparently only one- or two-jointed and Pupa- 
sometimes lack the arista. The radius is not more than zt a oe 
three-branched; cells Mi and M3; are wanting. The S a 
empodia are never pulvilliform. cid. 


SERIES I—ASCHIZA* 
Cyclorrhapha without a frontal suture 


In most of the Cyclorrhapha the head end of the puparium is 
forced off by the expansion of the bladder-like ptilinum, which is 
pushed out through the frontal suture when the adult is ready to 
emerge; but in four families this is not the case, there being no frontal 
suture present. ‘These families are grouped together as the Series 
Aschiza. ‘They are the Phoride, Platypezide, Pipunculide, and 
Syrphide. 


Famity PHORIDA 
The Hump-backed Flies 


These are minute, dark-colored, usually black flies, which can 
be easily recognized by their humpbacked form, their peculiar an- 
tenne, and the peculiar venation of the wings. Certain species are 
often found running about rapidly on windows, others on fallen 
leaves. Sometimes they are seen in swarms dancing up and down in 
the air. Many species measure less than 2 mm. in length, and some 
less than 1 mm. 

The head is small; the thorax large and humped; and the abdomen 
rather short. The antenne are three-jointed; but the first segment 
is exceedingly small, and the second is enclosed in the third, so that 
they appear as single-jointed. The third segment bears an arista, 
composed of two short basal segments and a long, usually more or 
less plumose third segment. The legs are large and strong and well 
adapted to jumping. The femora, especially of the hind legs are 
often very stout and flattened. The wings (Fig. 1099) are large, and 
are furnished with a series of strong veins near the costal border, 
which extend but a short distance beyond the middle of the wing. 
From these strong veins from three to five weak ones extend across 
the wing. 

In the females of some species that live in the nests of ants and 
termites the wings are absent or very much reduced in size. 


*Aschiza: a (4), without; schizo (cxlfw), a cleft. 
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The larvee of the different species differ greatly in habits, some 
feed on decaying vegetable matter, dead insects, snails, etc.; someare 
common in mushrooms, and are sometimes a pest in mushroom cel- 
lars; some are internal parasites of other insects, as bees, wasps, ants, 
saw-flies, etc.; several species are known to live in the nests of ants, 
some as parasites and others as commensals. One of these Metopina 


R, Rea Rats 


Cu, 
Fig. 1099.—Wing of Phora. 


pachycondyle lives curled about the neck of its host ant-larva, par- 
taking of the food given the latter by the attendant worker ants; 
and one has been bred from an egg-sac of a spider. 

A monograph of the North American species of this family was 
published by Brues (’03) and one by Malloch (’13). About 150 
species have been described from this region. 

The Phoride are classed among the Brachycera by some writers 
and among the Cyclorrhapha by others. Morris (’22) states that 
when the adult fly of a species studied by him, Hypdécera incrassdta, 
emerges from the puparium a circular cap, consisting of the skin of 
the cephalic region and thoracic segments of the larva, is split off by 
means of a fissure passing round the body between the third thoracic 
and first abdominal segments. This confirms the opinion that this 
family should be placed in the Cyclorrhapha. 


Famity PLATYPEZIDA 
The Flat-footed Flies 


These flies resemble the house-fly somewhat in appearance but 
are very much smaller. They hover in the air in shady places and 
alight frequently on the leaves of low plants, where they run about 
in circles with great rapidity. 

The head is hemispherical or spherical, and as broad as or broader 
than the thorax. The antenne are three-jointed with a terminal 
arista. The legs are short and stout, and the tarsi of the hinder pair 
are often very broad and flat (Fig. 1100); but they vary greatly in 
form in different genera. The wings are rather large, and when at 
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rest lie parallel upon the abdomen; the axillary 
excision is prominent, but the posterior lobe of 
the wing is small (Fig. 1101); the alulets are 
minute. 

The radial sector is two-branched; veins 
Mi and M¢ either coalesce throughout or sep- 
arate near the margin of the wing; the medial 
cross vein is present in some members of the 
family and absent in others; cells 2d R, M, 
and 1st A are short. 

This family is represented in North Amer- 
ica by about twenty-five species, and these are 
usually rare. The larve live in mushrooms, 
the puparia are not very different from the 
larvee in form. 
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Fig. 1100.—Leg of Pla- 
typeza, a, forked 
hairs of leg greatly 


enlarged. 


C+ 2a A 
Fig. 1101.—Wing of Platypeza. 


Famity PIPUNCULID 
The Big-eyed Flies 


The members of this family are small flies with very large heads 


—7 


Fig. 1102.—P1- 
punculus. 


composed almost entirely of eyes (Fig. 1102). -The 
head is nearly spherical and broader than the thorax. 
The antennz are small, short, three-jointed, with a 
dorsalarista. Theocelliare present. The abdomen is 
somewhat elongate with the sides nearly parallel. 
The body is thinly clothed with hair or nearly naked. 
The wings are much longer than the abdomen, and 
when at rest they lie parallel to each other upon it. 
The venation of the wings (Fig. 1103) closely re- 
sembles that of the Conopide. The radial sector is 
two-branched. Veins R445 and Mi+2 approach each 


other at their tips. Vein M3; coalesces with vein Cu; for nearly its 
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entire length. Veins Cu, and 2d A coalesce at their tips, except in 
Chalarus. In this genus vein Mj 42 is atrophied and the medial cross- 
vein absent. Cells R and M are long. 

The flies hover in shady places. They are sometimes found on 
flowers, and may be swept from low plants; our most common species 


Cu,+2d A 
Fig. 1103.—Wing of Pipunculus. 


measure about 3 mm. in length, not including the wings. The larve 
so far as known are parasitic upon bugs. 

This small family is represented in North America by about 
thirty species, nearly all of which belong to the genus Pzptinculus. 


Famity SYRPHID/A® 
The Syrphus-Flies 


The family Syrphide includes many of our common flies; but the 
different species vary so much in form that no general description of 
their appearance can be given. Many of them mimic hymenopterous 
insects, thus some species resemble bumblebees, others the honey- 
bee, and still others wasps; while some present but little resemblance 
to any of these. 

The most distinctive characteristic of the family is the presence 
of a thickening of the membrance of the wing, which appears like a 
longitudinal vein between veins R and M. This is termed the spu- 
rious vein, and is lacking in only a few members of the family; it is 
represented in Figure 1104 by a band of stippling. Vein R44; is 
never forked; the tips of vein Ry4; and Mi4: coalesce; and the first 
anal cell is closed. 

The antenne are three-jointed; the third segment usually bears 
a dorsal arista, but sometimes it is furnished with a thickened style. 
The face is not furnished with longitudinal furrows to receive the 
antenne as in the Muscide. The frontal lunule is present, but the 
frontal suture is wanting. 

The adults frequent flowers and feed wpon nectar and pollen. 
Some fly with a loud humming sound like that of a bee, others hover 
motionless except as to their wings for a time, and then dart away 
suddenly for a short distance, and then resume their hovering. 
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_ The larve vary greatly in form and habits. Some prey upon plant 
lice, and are often found in the midst of colonies of these insects; some 
feed in the stems of plants and in bulbs; others feed on decaying vege- 
table matter, and live in rotten wood, in mud and in water; and others 
live in ordure or in decomposing animal remains. Some are found in 
the nests of ants; and some in the nests of bumblebees and wasps. 

Among the common representatives of this family there is one 
that so closely resembles a male honey-bee as to be often mistaken 
for it. This is the Drone-fly, Evistalis tenax. It is common about 


Sc R, Ro+3 Ryss 


Fig. 1104.—Wing of Eristalis. 


flowers. The larva lives in foul water, where it feeds on decaying 
vegetable matter; it is of the form known as “‘rat-tailed,’’ which is 
described below. 

The larve of the genus Volucélla live as scavengers in the nests 
of bumblebees and of wasps (Vespa). Some of the species in the 
adult state very closely resemble bumblebees. 

The larve of the genus Microdon are hemispherical, slug-like 
creatures (Fig. 1105), which resemble mollusks more than ordinary 
maggots; they are common in ants’ nests. 

The larve of several species that live in water as well as some 
that live in rotten wood are known as rat-tailed maggots on account 
of the long, tail-like, appendage, with which the hind end of the body 
is furnished. This is a tube, like that of a diver, which enables the 
insect to obtain air when its body is submerged beneath several inches 
of water or decaying matter. This 
tube being telescopic can belength- 
ened or shortened as the insect may 
need it; and at its tip there isa ros- 
ette of hairs, which, floating on the 
w surface of the water, keeps the tip ¢ 
auitftrom being submerged. ‘The larva ® 
has on the ventral side of its body Fig.1106.-- 
several pairs of tubercles armed with Syrphus. 
spines, which serve as prolegs. 

Among the more common members of this family are the yellow- 
banded species belonging tothe genus Syrphus (Fig. 1106). The larve 


Fig.1105.—Microdon, a 
and larva. 
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of these live in colonies of aphids, and do much good by destroying 
these pests. 


This family is a very large one; more than 300 species represent- 
ing about 60 genera have been described from America north of 
Mexico. Williston (’86) published an extended monograph of our 
species. 


SERIES II—SCHIZOPHORA* 
Cyclorrhapha with a frontal suture 


This series of families includes all of the Cyclorrhapha except the 
four preceding families in which the frontal suture is wanting. In 
this series, the Schizophora, there is a frontal suture through which 
the ptilinum is extruded in order to force off the head end of the pu- 
parium when the adult is ready to emerge. 


This series is divided into two quite distinct sections, the Myodaria 
and the Pupipara. 


SECTION I—MYODARIA 


The Muscids 


This section of the order Diptera is a very large group, including 
many families and probably more than half of all the living species 
of this order. As many of the species are very common, it usually 
happens that a large portion of the flies in a collection belong to the 
families included in this section. 


Excepting the first family, the Conopide, the families included 
in the Myodaria differ from all of the preceding families in that vein 
Cuz coalesces with vein 2d A to such an extent that it appears like a 
cross-vein or is curved back towards the base of the wing; and they 
differ from the following families, the Pupipara, in having the ab- 
domen distinctly segmented and the two legs of each thoracic seg- 
ment not widely separated. 


The antennz are three-jointed; the third segment bears an arista 
which is almost always dorsal in position. The radial sector is not 
more than two-branched; cells My and M; are wanting; and the two 
branches of cubitus coalesce with the adjacent veins (Vein Cu, with 
M; and Cuz with 2d A) for nearly their entire length, except in the 
Conopide. 


_ The families included in this section are grouped in two subsec- 
tions, the Acalyptratz and the Calyptrate. 


*Schizdphora: schizo (oxlt{w), a cleft; phoros (opés), bearing. 
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SuBsEcTion I—THE ACALYPTRATA:* 
The Acalyptrate Muscids 


In the families included in this subsection of the Myodaria the 
alulz or calypteres are always small or rudimentary; the subcostal 
vein is often indistinct or vestigial, but well preserved in some forms; 
vein R; is shortened and is often very short; the thorax is without a 
complete transverse suture; the posterior callus is usually absent; 
and the abdominal spiracles, with some exceptions, are in the con- 
junctive. The flies are usually small or very small, they are never 
large. 

The subsection Acalyptrate includes many families, twenty- 
three of which are represented in our fauna. Some of these families 
include well-known species that have attracted attention onaccount 
of their economic importance or for other reasons; but most of the 
families have been studied comparatively little in this country. 


Famity CONOPIDAL 
The Thick-headed Flies 


With the members of this family the head is large, being broader 
than the thorax. The body is more or less elongate; it may be naked 
or thinly clothed with fine hair, but it is rarely bristly. 

The ocelli may be either present or absent. The antenne are 
prominent and project forward; they are three-jointed; and the third. 


Fig. 1107.—Wing of Physocephala affints. 


segment bears either a dorsal arista or a terminal style. The radial 
sector is only two-branched (Fig. 1107); veins Ry4s and Mi+2 end 
near together or coalesce at their tips. The medial cross-vein is 
present. Vein M;coalesces with vein Cu: for nearly its entire length. 
Veins Cue and 2d A coalesce at their tips, and sometimes for nearly 
the entire length of vein Cus. 


*Acalyptrate: a (4); without; calypler (xadumrip), a sheath, 
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The adult flies are found on flowers. In some genera the abdomen 
is long, with a slender, wasp-like pedicel (Fig. 
1108). In others the abdomen is of the more usual 
form. The larve are parasitic, chiefly upon 
bumblebees and wasps, but some species infest 
locusts. The eggs are deposited by the female, 
in some cases at least, directly upon the bodies of 
the bees or wasps during flight. The newly 
Fig. 1108.—Conops. hatched larvee burrow within the abdominal 
cavity of their host. 
Nearly one hundred North American species have been described. 


Famity CORDYLURIDA 
The Dung-Flies 


The members of this family are often of considerable size for 
Acalyptrate, they are never very small. The subcostal vein is dis- 
tinctly separated from vein R; and ends in the costa; vein Ri is nearly 
half as long as the wing, cell M is not minute; the frontal vitta is 
usually well differentiated from the orbits; and the vibrisse are 
present. 

Although members of several families of flies frequent excrement 
certain species of this family and of the Borboridee are so commonly 
observed about dung and refuse that they have received the common 
names of dung-flies. Among these are those of the genus Scatéphaga; 
these are rather slender flies, which have the body clothed with 
yellowish hair, and which are often abundant especially about fresh 
cow-dung. Other members of this family are found in meadows and 
in moist places; some feed on other insects which they capture. 

The larve of some species have been bred from excrement; some 
live in the stems of plants; and some are said to be parasitic in cater- 
pillars. 

This family is named the Scatophagide by some writers, and by 
some it is classed with the Calyptrate. 

The family CLUSIIDA isasmall family of rather small flies; only 
a few representatives of which are found in our fauna. In this family 
the subcostal vein is distinctly separated from vein R; and ends in 
the costa; vein Ri is less than one-third as long as the wing; the so- 
called front is broad and bristly to or nearly to the base of the an- 
tenn; the frontal vitta is not differentiated from the orbits; the 
ocellar bristles are usually present; the postvertical bristles are di- 
vergent; and the vibrisse are present. Larvee of this family have 
been found in decaying wood and under the bark of trees. 

This family is named the Heteroneuride by some writers. 


Famity HELOMYZIDA 


; The members of the Helomyzid can be recognized by the follow- 
ing combination of characters; the wings are armed with a row of 
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spines along the costa (Fig. 1109); the subcostal vein is distinct; the 
oral vibrissz are present; the postvertical bristles, which are located 
on the back of the head somewhat behind the ocelli, are convergent; 
and the tibia are armed with spurs and with preapical bristles. 

The flies are found in shady and damp places; many of them have 
been found in caves; and some species on windows. 
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Fig. 1109.—Wing of Leria. (After Williston.) 


“The larvee of Léria have been bred from bat and rabbit dung; 
those of Helomyza from truffles, decaying wood, etc.’’ (Williston) 

The family was monographed by Aldrich and Darlington (08); 
they recognized ten genera and about two score species found in the 
United States. 

The family BORBORID is composed of rather small or very 
small black, brown or obscurely yellowish flies, having a quick short 
flight. Some of the species arevery common, occurring in great num- 
bers about excrement or near water. These ‘“‘dung-flies” differ from 
those of the Cordyluride in that the subcostal vein of the wings is 
wanting or indistinct and in having the hind metatarsi dilated and 
usually shorter than the following segment. 

The larvze of some of the species, at least, live in excrement. 

The family PHYCODROMID includes only a few species of 
flies that are found among sea-weeds along the sea-shore. Two species 
are listed from Alaska and one from California. This family is named 
the Ccelopide by Hendel (’22). 


Famity SCIOMYZIDAL 


The members of this family are usually brown or brownish yellow 
in color; and in many species the wings are spotted or infumated. 
They are usually found in moist situations, as along the banks of 
streams. The larve are aquatic. 

These flies lack vibrissee. The face in profile forms a sharp often 
very acute angle with that of the oral margin. The postvertical 
bristles are divergent when present. 

This family is represented in this country by more than twenty 
genera and by nearly one hundred described species. It has been 
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monographed by Cresson (’20) and also by Melander (‘20a) under 
the name Tetanoceride. 


Famity SAPROMYZID 


The head is as broad as or a little broader than the thorax; the 
legs are of moderate length; the hind tibiae bear a preapical bristle; 
the abdomen is short; the ovipositor is neither flat nor drawn out; the 
subcostal vein is distinctly separated from vein Ri and ends in the 
costa; vein 2d A does not reach the margin of the wing; the oral vi- 
brissze areabsent; the secondantennal segment bears a dorsal bristle; 
the postvertical bristles are convergent ; and one or more sternopleural 
and a mesopleural bristle are present. 

This family is composed of small flies, which are seldom more than 
7 mm. in length. Nearly one hundred species have been described 
from America north of Mexico. A synopsis of the family was pub- 
lished by Melander (’13 a). 

The larvee of Sapromyza live in decaying vegetable matter. 

This family is named the Lauxanide by some writers. 

The family LONCHAID includes the genera Lonchea and 
Palléptera, which are included in the Sapromyzidee by some writers. 
These genera differ from the Sapromyzide in that the hind tibiz are 
without a preapical bristle; and the ovipositor is flattened and more 
é a projecting. A synopsis of our species is included in Melander 

"13a). 

Lonchea polita has been reared from a decaying fungus (Polyporus) 

and from human excrement. 


Famity ORTALIDA 


This family like the Trypetide is a large one and contains many 
common species which have the wings beautifully marked with dark 
spots or bands. The members of this family differ from the Trypetide 
in that the subcostal vein extends to the margin of the wing in the 
usual way and in that the lower fronto-orbital bristles are wanting. 
_. Comparatively few species of the Ortalidee have been bred and 
these differ greatly in habits. The larve of some have been found 
under bark of dead trees, others in excrement, some are parasitic on 
lepidopterous larve, and several infest growing plants. Among the 
latter are Chetépsis enea and Tritéxa flexa which sometimes infest 
onions; but the most important onion maggot is Hylemyia antiqua 
of the family Anthomyiide. 

The family includes six subfamilies each of which is given family 
rank by Hendel (’22). 


Famity TRYPETID2® 


This is a very large family including many common species 
with pictured wings, in which it resembles the preceding family, the 
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Ortalidz. These two families can be separated by differences in the 
subcostal vein; in the Trypetide the distal part of the subcostal vein 
is abruptly turned forward and usually becomes very weak. In this 
family the vibrisse are wanting; 
the fronto-orbital bristles are 
numerous and extend down to 
the antenne; cells M and rst Me 
are separated by a cross-vein; the 
legs are moderately long; the 
tibize lack preapical bristles; and 
the ovipositor is flattened and 
more or less projecting. 

The larve of the species that 
have been bred infest living 
plants. Some are leaf-miners, 
some live in the stems of plants, 
some make galls, and some are 
pests that infest fruit. Among 
the better-known species are the 
following. 

The apple-maggot, Rhagolétis 
pomonélla.—The adult is blackish 
with the head and legs yellowish; 
the abdomen is crossed by three 
or four white bands (Fig. 1110) 
and the wings are crossed by four 
dark confluent bands. ‘The fe- 
male punctures the skin of the 
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Fig. 1110.—The apple-maggot: 1, lar- 


apple with her ovipositor and va; 2, puparium; 3, adult; za. head 
lays her eggs in the pulp. The of larva from side showing the oral 
larvee bores tunnels in all direc- hooks and spiracle; 1b, head of lar- 


va from below; rc, caudal spiracle of 
larva. 


tions through the fruit. Early 
maturing varieties of apples are 
especially attacked. When full-grown the larva goes into the ground 
to transform where it hibernates in a brownish puparium. ‘This is a 
serious pest in the Eastern States and in Canada. This is a native 
species, originally feeding in the fruit of wild thorn. It has been 
found that most of the flies can be destroyed before they lay their 
eggs by applying a spray of arsenate of lead, four pounds in one hun- 
dred gallons of water, during the first week of July. The flies lap up 
drops of moisture from the fruit and foliage and are thus poisoned. 
The fallen apples should be collected or hogs allowed to run in the 
orchard. 


The cherry fruit-flies, Rhagolétis cingulata and Rhagolétis fausta. 
These two species, which are closely allied to the apple-maggot, infest 
cherries, but not so commonly as does the plum curculio. The cherry 
fruit-flies can be destroyed by the use of the arsenate of lead spray 


early in June. 
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The currant fruit-fly, Epdchra canadénsis-—The larva of this 
species is a small white maggot which feeds within currants and goose- 
berries. The infested fruit colors prema- 
turely and usually falls to the ground. No 
practicable method of controlling this pest 
has been suggested. 

The round goldenrod gall.—One of the 
most familiar of abnormal growths on 
plants is a ball-like enlargement of the stem 

uy of goldenrod (Fig. rr11). This is caused by 

Fig. 1111.—The round a maggot, which lives within it, and which 

goldenrod gall. develops into a pretty fly with banded 

wings; this is Eurésta solidiginis. The larva 

hibernates in the gall; the adult emerges in May. The gall of this 

species is easily distinguished from that of the solidago gall-moth, 
described in the preceding chapter, by its rounded form. 

The family MICROPEZIDZ is represented in America north of 
Mexico by a few species; most of the species of this family occur in 
South America. In our representatives of the family, the subcostal 
vein is distinctly separated from vein R;; cell R; is closed or narrowed 
at the margin; the head is subspherical; the bucce are broad; the 
face is retreating; the vibrisse are wanting; and the proboscis is 
short. 

The family TANYPEZIDZ& includes the genus Tanypéza, which 
differs from the preceding family in that the bucce and the posterior 
orbits are narrow. The described species are chiefly from South and 
Central America. These flies are rare in the United States. 

The family SEPSID includes only a few species. These are 
small slender flies, which are principally scavengers, feeding and 
breeding in decaying organic matter. They are not rare, and can be 
obtained by sweeping grass in meadows and pastures, especially 
where there are droppings of horses and cattle. “Species of Sepsis 
are particularly abundant and can be found on fresh dung, where 
they run about with vibrating wings pirouetting in a unique and 
pretty dance.” 

The family has been monographed by Melander and Spuler (’17). 


Famity PIOPHILIDZ 

This family includes only a few species of small flies, rarely ex- 
ceeding 5mm.inlength. They are usually glistening black or slightly 
bluish metallic in luster. They are found about either decaying 
organic matter, preserved meats, or cheese. The best known species 
is the following. 

The cheese-maggot, Piéphila cdsei.—This fly lays its eggs on 
cheese, ham, and bacon. The larve live in these substances and are 
often serious pests. They are commonly known as “skippers”? on 
account of the remarkable leaps they can make. This is accomplished 
by first bringing the head and tail ends together and then suddenly 
straightening the body; in this way they can leap several inches. 
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The members of this family were formerly included in the Sepside. 
ee pe Piophilidas was monographed by Melander and Spu- 
er’ Ur7): 


Famity PSILIDAE 


The flies of this family are of moderate size and slender. In many 
of the species the antennz are very long and decumbent, but in others 
they are of moderate length. The vibrissee are wanting; the costa is 
interrupted near the end of vein Ry; and cells rst A and M are com- 
plete and relatively large. Five genera including thirty-three species 
have been described from our fauna. For a synopsis of the family 
see Melander (’20 b). The following is our best-known species. 

The carrot rust-fly, Psila rose.—The larva of this species infests 
carrots, celery, parsnips,and parsley. In the case of carrots and pars- 
nips the larve perforate the roots in all directions; their burrows are 
of a rusty color, hence the common name of the insect. When celery 
is attacked the fibrous roots are eaten off and destroyed. 


The family DIOPSIDZ is represented in North America only by 
the following species. 

The stem-eyed fly, Sphyracéphala brevicodrnis——This is a very 
singular fly, which is found on the leaves of skunk-cabbage and the 
foliage of other plants in shady glens. On each side of the head there 
is a lateral process, upon which the eye is situated. The life-history 
of the species is unknown. 

The family CANACEID is represented in our fauna by a single 
described species, Canace snodgrissi, recorded from New Jersey. 


Famity EPHYDRIDA 


These are small or very small, black or dark-colored flies, that 
live in wet places. The subcostal vein is coalescent for the greater 
part of the length with vein Ri, being distinct only at its proximal 
end; cells M and rst Me are not separated by a cross-vein; the hind 
metatarsi are not thickened and are longer than the following seg- 
ment; the vibrissze are wanting; and in some species the mouth cavity 
is very large. 

Most of the species live about fresh water; but to this family 
belong the ‘“‘Brine-flies” the larvee of which live in salt or strongly 
alkaline waters. These are common in pools about salt-works; andin 
the far West and in Mexico these larvee occur in the alkaline lakes in 
countless numbers, and are washed ashore in such quantities that 
bushels of them can be collected. They are gathered by the Indians, 
who dry them and use them for food, which they call koo-tsabe, 
accented on the first syllable. The best-known “‘brine-flies’’ belong 
to the genus Ephydra. 

Still more remarkable are the habits of the larva of the petroleum- 
fiv. Psilopa petrélei, which lives, feeds, and swims about in the pools 
ot crude petroleum, which are numerous in the various oil-fields of 
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California. For an account of the structure and habits of this larva 
see Crawford (’12). 


Famity CHLOROPIDA2 


This family includes a considerable number of species that are 
common in meadows and other places where there is rank growing 
grass, in such situations they can be collected in large numbers by a 
sweep-net. 

The members of this family are small bare species; with moder- 
ately short or very short wings; the subcostal vein is vestigial cells M 
and 1st Meare not separated by a cross-vein; the antenne are usually 
short and with the third joint rounded; the vibrissz are rarely present; 
and the postvertical bristles are convergent. 

The larve of the different species differ in their habits; many 
species infest the stems of wheat, oats, rye, clover, and grasses; some 
live in burrows or cavities in plants made by other insects; a few feed 
upon the egg-shells and cast-off skins of insects; some live in excre- 
ment; and species of Gaurax develop in the egg-sacs of spiders. 
Among the more important members of this family is the following 
species. 

a The European frit-fly, Oscinis frit—This is a minute black 
species, measuring from 1.1 to 2mm. inlength. It was first described 
by Linnzus in Sweden, where it was a very serious pest of barley, the 
larvee feeding upon the immature kernels. The light and worthless 
kernels resulting from this the Swedes called “‘frits’’, hence the com- 
mon name of the species. There are several generations annually. 
The larvee of the late fall generation winter as stem miners in winter 
grain; and spring grain is attacked in the same way by the spring 
generation. In this country the commonest form of injury is to the 
stems of wheat close to the ground. The larva of this species can be 
easily distinguished from the larva of the hessian fly by the fact that 
it works in the center of the stem and crawls actively when removed. 
For a detailed account of this species see Aldrich (’20). 

This family is named the Oscinide by some writers. 

The family ASTEIIDA® includes a few genera, mostly exotic, 
that were formerly classed in the Drosophilide by some writers and 
in the Chloropide (Oscinide) by others; it can be separated from 
these families by the characters given in Table B. The best-known 
representative of the family in our fauna is Sigaloéssa flavéola, which 
is widely distributed in the Atlantic states. 


Famity DROSOPHILIDAt 


The Pomace-flies and their Allies. 


There are certain small yellowish flies from three to four milli- 
meters in length which are very common about the refuse of cider- 
mills, decaying fruit, and fermenting vats of grape pomace; these are 
the pomace-flies (Fig. 1112); their larve live in the decaying fruit. 


DIPTERA 861 


The pomace-flies and their allies constitute the family Drosophil- 
ide. In this family the costa is microscopically broken twice, once 
just beyond the humeral cross-vein 
andagain just before the end of vein 
R,; the subcostal vein is vestigial ; the 
arista are almost invariably plu- 
mose; the vibrissa are present; the 
postvertical bristles are convergent; 
and the foremost fronto-orbital 
bristles are proclinate. 

The larvee of most species of this 
family, so far as is known, live in Fig. 1112.—A pomace-fly. 
decaying fruit or in fungi; a few are 
leaf-miners; and some exotic species have been found feeding on 
other insects, Aleurodes and Clastoptera. 

One of the pomace-flies, Drosophila melanogaster, which is easily 
bred and which has a short life-cycle, is widely used in laboratories in 
the study of heredity. This species has been commonly known as 
Drosophila ampeléphila; but melanogaster is the older specific name. 

A monograph of this family was published by Sturtevant (’21). 

The family GEOMYZID is a group of small flies of which 
nearly fifty species have been described from our fauna. In these 
flies the postvertical bristles are convergent when present; the clypeus 
is large, the foremost fronto-orbital bristles are directed backward; 
and the fringe of the calypteres is not dense. 

The larvze of the few species of which the habits are known live 
in the stems of plants or mine in leaves. 

The family was monographed by Melander (’13 8). 


Famity AGROMYZIDA 


This family includes small or 
minute fliesin which the costa is 
broken only at the end of the 
subcostal vein; the oral vibrissze 
are present, the arista of the an- 
tenn is closely short-pubescent, 
the post-vertical bristles are di- 
vergent, and the lower fronto- 
orbital bristles are convergent. 

The genus Cryptochetum dif- 
fers from the typical members of 
this family in having the costa 
twice broken and in that the an- 
tenne lack the arista. One or 
_ two species of this genus have 
Fig. 1113.—Mine of Phytomyza aquil- heey introduced into California 

egia. from Australia, as they are para- 
sites of the cottony-cushion scale. 
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About one hundred species of the Agromyzide as restricted here 
have been described from our fauna. See monograph of the family 
by Melander (’13 b). 

So far as ig known the larvee of most members of this family feed 
on living plants by forming burrows or mines in various parts of 
them, but principally in the leaves. A common species, Phytomyza 
aquilégig, makes serpentine mines in the leaves of wild columbine, 
Aquilegia canadensis. (Fig. 1113). 

The family MILICHIID& is a small group of flies that is often 
classed with the Agromyzide. The members of this family differ 
from the agromyzids in that the costa is broken twice, once be- 
yond the humeral cross-vein at which place there is usually a 
stronger costal bristle, and again just before the end of vein Ri, and 
the postvertical bristles are convergent. See monograph of this 
family by Melander (’13 b). 

The family OCHTHIPHILID@ is also a small group of flies 
which is often classed with the Agromyzide. In this family the 
oral vibrisse are wanting or not differentiated; the postvertical 
bristles convergent, the subcostal vein ends in the costa; and the 
ie is small. See monograph of the family by Melander 

Sele) 

Only thirteen species, representing three genera, are recognized 
by Melander from our fauna. 

Larvee of species of Leucépis prey upon aphids and upon coccids. 

This family is named the Chameyidz by Hendel (22). 


SUBSECTION II.—CALYPTRATAt 
The Calyptrate Muscids 


To this subsection belong our most familiar representatives of the 
muscid flies, of which the house-fly and the flesh-flies are good illus- 
trations. In the families included here the alule or clypteres are 
well developed or of moderate size, not rudimentary; the subcostal 
vein is always distinct in its whole course; vein Ry is never very short; 
there is a complete transverse suture on the thorax; the postalar 
callus is present and separated by a distinct suture from the dorsum 
of the thorax; and the abdominal spiracles, with but few exceptions, 
are in the chitin. The flies are usually of moderate or considerable 
size, never very small. 


The subsection Calyptratee includes a series of families that 
are exceedingly difficult to differentiate. In fact no two of the author- 
ities on this group of flies agree either as to the number of families 
that should be recognized or as to the limits of certain families that 
are generally recognized. This is believed to be due to the fact that 
this group of flies is of recent origin and the different types included 
in it have not become segregated by the dropping out of intermediate 
forms. It is the dominant group of flies, including an immense num- 
ber of species. 
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Famity ANTHOMYIIDZ2 
The Anthomytids 


The anthomyiids are very common flies of which about five hun- 
dred species have been described from North America. They are 
somewhat similar to the house-fly in appearance but structurally 
distinct. 

In this family cell R; of the wings is very slightly or not at all 
narrowed, vein Mj +42 extending in a nearly straight line to the margin 
of the wing (Fig.1114) and not bent in its outer part towards the tip 
of the vein Ry+5 as in the house-fly. The hypopleural and often the 
pteropleural bristles are absent; and the proboscis is never adapted 


Fig. 1114.—Wing of Lispa. 


for bloodsucking. The adult flies are found on leaves and flowers, 
and are also often found on windows in our dwellings. 

The larval habits are variable. Most species live in decaying 
vegetable matter; many live in excrement, and doubtless are convey- 
ers of typhoid fever, like the house-fly or typhoid-fly. Several species 
have been found to be the cause of internal myiasis, having been 
taken into the alimentary canal with vegetables and continuing to 
live there. A few species are parasitic within living insects. And 
some attack growing plants. Among the latter are certain well- 
known pests of garden crops. The more important of these are the 
following. 

The cabbage-root maggot, Hylemyia brassice.—This insect in its 
larval state feeds on the roots of cabbage, radish, turnip, and cauli- 
flower; it also attacks the roots of various weeds belonging to the 
same family of plants. There are two or more generations of this 
pest each year. The first generation infests the young plants; the 
eggs of the second generation are laid late in June or in July; later 
generations, if they occur, do but little harm. 

The most practicable methods of control of this pest are to protect 
the seed-beds with a covering of cheesecloth in order to exclude the 
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flies; to protect the plants when they are set out by fitting around the 
stem of each next to the ground a tarred paper card, these cards can 
be obtained from seedsmen and dealers in garden supplies; and by 
the use of a solution of corrosive sublimate crystals, one ounce dis 
solved in ten gallons of water. Two applications of one-half cupful 
to a plant are made, one, three or four days after the plants are set, 
and another eight or ten days later. The solution is poured on the 
stem and at the base of the plant. Great care should be taken to 
keep the supply of this poison where children or animals can not 
gow 

The onionmaggot, Hylemyia antiqua.—The larva of this species is 
often exceedingly destructive to onions, destroying young plants in 
the spring, and when the plants are older, burrowing into the bulb 
and causing decay. This species is difficult to control. As the flies 
require from ten days to two weeks after emergence in which to 
mature their eggs, many of them can be destroyed before they are 
ready to oviposit by a poisoned bait spray composed of one-fifth ounce 
sodium arsenite, one pint molasses, and one gallon water. ‘There are 
two or three generations annually of this pest. 

The raspberry-cane maggot, Hylemyia rubivora.—The larva of 
this species burrows in the new canes of black and red raspberries and 
blackberries and kills them. The eggs are laid on the young shoots in 
the spring. The larva bores into the pith of the shoot, and tunnels 
downward; when about half way to the ground it girdles the wood 
beneath the bark. The part of the shoot above the girdle soon wilts, 
shrinks in size and droops over. The larva continues its burrow 
downward in the pith to the surface of the ground, transforms to a 
pupa without leaving its burrow in late June or early July; but the 
adult does not emerge till the following April. To check the ravages 
of this pest, cut off and burn the wilting canes as soon as observed. 

The beet or spinach leaf-miner, Pegomyia hyoscyami.—This leaf 
miner infests the leaves of beets, sugar-beets, spinach, orach, mangels, 
and chard. The mine at first is thread-like but is soon enlarged to 
form a blotch. Several larve usually occupy the same leaf and their 
mines usually coalesce. There are several generations each year, and 
the winter js passed in the pupal state under fallen leaves in the soil. 
Where practicable the infested leaves should be picked and burned. 
By plowing the field deeply as soon as the crop is removed the over- 
wintering pupze can be buried. 

The kelp-flies, Fucéllia.—The larvee of these flies live in brown 
sea-weeds, cast up by waves along ocean beaches. The adults can be 
found all summer long on the masses of these weeds often in immense 
numbers. The North American species, of which thirteen are known 
were monographed by Aldrich (’18). 


Famity GASTROPHILIDA 


The Bot-flies of Horses 
_ _ This family includes the well-known pests the larve of which 
infest the alimentary canal of horses and which are commonly known 
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as bots. These insects constitute the genus Gastrophilus, three species 
of which are now well established in the United States and Canada. 
In the adult flies the oral opening is small and the proboscis vestigial. 
The members of this genus can be distinguished from those of the 
following family by the venation of the wings; the most striking fea- 
ture of whichis that vein Mi 42extendsin a nearly straight line towards 
the margin of the wing (Fig. 1115). i 


Cu,+2d A 
Fig. 1115.—Wing of Gastrophilus. 


The genus Gastrophilus has been commonly included in the family 
stride but it is now believed to represent a distinct line of develop- 
ment. The three species that are established in this country are the 
following. 

The common bot-fly or the stomach bot, Gastréphilus intestinalis. 
—The adult fly closely resembles the honey-bee in form except that 
the female (Fig. 1116) has the end of the abdomen 
elongate and bent forward under the body. The wings 
are transparent with dark spots, those near the center 
form an irregular, transverse band. ‘This fly is most 
often seen flying about horses, which have an instinctive 
fear of it. The eggs are laid on different parts of the 
host, but preferably on the long hairs investing the 
inside of the forelegs. The eggs rarely hatch when left 
untouched; but the horse by scratching the forelegs 
with the teeth removes the small cap of the egg-shell and inadvert- 
ently takes the larva into its mouth. The larve thus taken into the 
mouth are carried with the food or water to the stomach. When the 
larvee reach the stomach they fasten themselves to the inner coat of 
it, and remain there until full-grown. Then they pass from the 
animal with the dung, and crawl into some protected place, where 
they transform within a puparium. The adult fly measures about 
18 mm. in length. This species is found throughout the United 
States and Canada where horses are present. [t has been commonly 
known as Gastrophilus equi, but intestinalzs is the older specific name. 
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The chin-fly or the throat-bot, Gastréphilus nasalis—This species 
is smaller than the common bot-fly and the wings are not marked 
with dark spots as in that species. The female usually deposits its 
eggs upon hairs under the jaws, and for this reason is commonly 
known as the chin-fly ; but sometimes the eggs are laid upon the flanks 
or forelegs of the host. The manner in which the larve reach the 
mouth of the horse has not been definitely determined; but having 
reached the mouth they are carried down the alimentary canal. In 
some cases the larvee attach themselves to the pharynx, and as this 
is the only species that is known to do this, the larva is known as 
the throat-bot. But this species is sometimes found in the stomach, 
and it attaches by preference in the duodenum. When the larve 
are matured they pass out from the horse and burrow in the manure 
or soil to transform. 

This species is widely distributed in the United States and Canada. 

The red-tailed bot-fly or the nose-fly, Gastréphilus hemorrhoidalis. 
—The adult fly is easily distinguished by the bright orange-red tip of 
the abdomen. The wings are unspotted as in the chin-fly but differ 
from those of both of the preceding species in that the cross-vein 
m-cu is much farther from the base of the wing than is cross-vein r-m. 
The female oviposits on the lips of the horse; the flight of the fly 
about the nose of the horse when attempting to oviposit on its lips, 
suggested the common name, the nose-fly. The larve of this species 
attach themselves during their early stages within the stomach; but 
later loosen themselves and reattach in the rectum, from which they 
gradually move to the anus, where they remain for a short time before 
dropping to the ground to transform. 

This species is found in the North-Central and Northern Rocky 
Mountain States and in the western provinces of Canada. 


Famity G@STRIDA 
Bot-Flies (except Gastrophilus) and Warble-Flies 


This family includes flies that are large or of medium size; most 
of the species resemble bees in appearance; some, the honey-bee, 
others, bumblebees. The mouth-opening is small, and the mouth- 
parts are usually vestigial. The venation of the wings differs from 
that of the preceding family in that vein M; +4 is bent so that cell Rs 
is much narrowed or closed at the margin of the wing. 

The larvee are parasitic upon mammals; some develop in tumors 
under the skin and others, in the pharyngeal and nasal cavities of 
their hosts. As a rule each species infests a single species of mammal; 
and closely allied cestrids are parasitic, in a similar manner, upon 
closely allied mammals. In addition to the species that infest our 
domestic animals, other species infest rabbits, squirrels, deer, and 
reindeer. One that lives beneath the skin of the neck of rabbits is 
very common in the South. 
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The sheep bot-fly, Géstrus ovis.—This species is viviparous; the 
female fly deposits larvee, which have hatched within her body, in 
the nostrils of sheep. The larvee pass up into the frontal sinuses and 
into the horns when they are present. Here they feed upon the mucus. 
They are very injurious to sheep, causing vertigo or the disease known 
as ‘‘staggers.’’ When full-grown they pass out through the nostrils 
and undergo their transformations beneath the surface of the ground. 

The ox-warble-flies, Hypodérma bovis and Hypodérma lineatum.— 
If during the later winter months the backs of cattle be examined by 
tubbing the hand over them, there will be found present in many 
cases small lumps or swellings in each of which there is an opening 
through the skin; these swellings are known as warbles, and each 
contains a maggot, which when full grown measures nearly or quite 
25 mm. in length. 

The maggots that produce these warbles are the larve of flies, 
which for this reason are known as warble-flies. Two species of 
warble-flies both of which were introduced from Europe, infest cat- 
tle in this country, and are very serious pests. 

The warble-flies when attempting to oviposit annoy cattle, 
which have an instinctive fear of them and run about in an effort to 
escape them; this leads to decreased milk yield. The larve as para- 
sites injuriously affect the health of thecattle. And the holesin theskin 
through which the larve escape from the warbles very seriously 
reduce the value of the hide when made into leather. A careful 
estimate made by the Department of Agriculture of Cancda showed 
that the annual loss in value of hides in Canada due to warbies is 
between 25 and 30 per cent. of the total value of the hides. 

Our two species of warble-flies have much in common. The 
adults measure from 12 to 14 mm. in length and are bumblebee-like 
in appearance. They attach their eggs to hairs of cattle, usually on 
the hind legs, more rarely on the flanks. The newly hatched larva 
crawls down to the hair follicle where it penetrates the skin. Later 
the second instar of the larva is found in the wall of the cesophagus. 
The exact course of the migration from the hind legs to the cesophagus 
has not been determined; but it is believed that the larvee travel in 
the loose connective tissues under the skin to the region of the 
throat and into the cesophagus where the muscles bifurcate. This 
part of their migration occupies about four months. They remain 
in the cesophagus about three months, and then migrate to the 
lumbar region. This part of the migrations of the larve is better- 
known than the earlier part. Hadwen (’19) states as follows: “The 
last larvee to leave the cesophagus are at the paunch end. They pass 
out under the pleura and go to the neural canal, either up the crura 
of the diaphragm, or up the posterior border of the ribs entering the 
canal by the posterior foreamen. The larva evidently makes use of 
the canal as an easy means of access to the lumbar region, the part of 
oftheanimal which is best suited for passing its last stages within the 
host. Thelarvee follow connective tissue exclusively no larve have been 
discovered in muscular tissue.” 
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The larve complete their growth in the lumbar region, causing as 
they increase in size the formation of the warbles. The hole through 
the skin into the cavity of the warble serves as a breathing hole for 
the larva and asa means of escape when it is full-grown. The mature 
larvee leave the warbles and drop to the ground to transform. This 
takes place during the first half of the year. The average pupal 
period is about one month. The adults live only a short time as 
they are unable to feed. 

The above account refers to both of our species of warble-flies; 
the following details chiefly compiled from Hadwen (’19) will serve 
to distinguish the two. 

The bomb-fly, Hypodérma bovis.— The adult fly measures 14 mm. 
in length; there is yellow hair on the anterior part of the thorax; 
the alulz are bordered with reddish brown; and the tail end of the 
abdomen is orange-yellow. As a rule the flies lay their eggs while 
the cattle are running; the eggs are laid singly at the roots of the 
hairs; the flies are clumsy insects and strike at the animals blunder- 
ingly. The presence of one of these flies in a herd of cattle causes 
them to scatter and stampede just as a crowd of people would do if 
a bomb were thrown in their midst. For this reason Mr. R. C. Shan- 
non (’22) has suggested ‘‘bomb-fly” as a common name for this 
species. The name ‘European warble-fly” that is often applied to 
it is not distinctive, as both of our species are of European origin. 
The eggs are laid mostly on the outside of the hind quarters and on 
the legs 24ove the fetlocks; they are laid during June and July. In 
the iarva the segment in front of the spiracular segment is unarmed. 

The heel-fly, Hypodérma lineatum.—The adult fly is 12.7 mm. in 
length; the anterior part of the thorax is black and shining; the alulz 
are uniformly white; and the tail end of the abdomen is reddish- 
orange. The eggs are laid mostly when the animals are recumbent 
and on all parts which the fly can reach when it is resting on the 
ground. Even when the animals are standing the fly is able to lay 
eggs on those hairs which are close to the ground, namely on the 
heels. The frequency with which this species lays its eggs in this 
place has caused it to be known as the heel-fly. This species irritates 
the cattle much less than does Hypoderma bovis, and consequently 
is able to lay several eggs ona single hair. The eggs are usually laid 
during May. In the larva the segment in front of the spiracular seg- 
ment iS spinose. 


Famity PHASIIDA4 
The Phastids 


This is a comparatively small family, which is composed of certain 
genera that were formerly included in the Tachinidze but which are 
now regarded as representatives of a distinct branch of the Muscoidea. 

_ In this family the clypeus is more or less produced below the 
vibrissal angles, like the bridge of a nose. The conjunctive of the 
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ventral sclerites of the abdomen are present, and frequently well- 
developed, surrounding the sclerites. Vein M142 is bent so that cell 
R; is narrowed or closed at the margin of the wing; in some genera 
vein M42 joins Ry+5 at a considerable distance before the margin of 
the wing. The abdomen is not armed with macrochete. 

There are only a few records regarding the habits of members of 
this family. Some species are parasitic on adult Coleoptera, and 
other on nymphs and adults of Hemiptera. 


Famity MEGAPROSOPIDZ 


This is a small group of flies the rank of which is in question; some 
authorities regard it as a distinct family and others, as a subfamily 
of the Tachinidz. With these flies the clypeus is receding and short; 
the cheeks are very broad; the vibrissze are located near the middle 
of the face; and the antenne are short. 

This family is represented in our fauna by two genera, Mega- 
prosopus and Microphthalma. Microphthalma disjuncta has been bred 
from the larva of Phylléphaga arcuata. 


Famity CALLIPHORIDA 
The Blow-fly Family 


Certain members of this family are very familiar objects and are 
commonly known as blow-flies, bluebottle-flies, or greenbottle-flies. 
With these, and with most other members of the family as well, the 
body, especially the abdomen, is metallic blue or green in color. 
This fact has suggested the common names bluebottle-flies and 
greenbottle-flies, that have been applied to certain species. These 
names, however, merely indicate in each case the more usual color of 
the species; for in all of the metallic colored species of this family 
the color varies; it may be either violet, green, blue, or copper color. 

In this family the arista of the antenne is plumose; both the hypo- 
pleural and the pteropleural bristles are present; the hindermost 
posthumeral bristle is almost always more ventrad in position than 
the presutural bristle; and the second ventral sclerite of the abdomen 
lies with its edges upon or in contact with the ventral edges of the 
corresponding dorsal sclerites. 

The larve of the different species vary in habits; some have been 
bred from cow-dung; some feed on fresh or decaying meat and on 
the bodies of dead animals; one frequently infests wounds on animals, 
and two are blood-sucking parasites of nestling birds. The following 
are our best-known species. 

The blow-flies Calliphora.—The blow-flies normally live out-of- 
doors, but they often enter houses in search of material upon which 
to deposit their eggs. They then attract attention by their large 
size, much larger than that of the house-fly, and by the buzzing noise 
that they make. They lay their eggs upon meat, cheese, and other 
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provisions. The eggs soon hatch and the larve develop rapidly. 
There are several species of this genus in our fauna; all of them have 
reddish palpi; bluish black, opaque thorax; metallic blue or green, 
more or less whitish pollinose abdomen; two or three posthumeral 
bristles; and black legs. There are two common species Calliphora 
erythrocéphala, in which the bucca is reddish brown and the beard 
black; and Calliphora vomitoria, in which the bucca is black and the 
beard reddish. 

The large bluebottle-fly, Cynomyia cadaverina.—This is a com- 
mon species which resembles the blow-flies in size and in habits; it 
differs from them in that the abdomen is without silvery pruinosity, 
and there is only one posthumeral bristle on each side. 

The greenbottle-fly, Lucilia cesar —This also is a common species, 
which resembles the blow-flies in habits; but it is smaller and its 
cheeks are bare. The abdomen is sometimes bluish but more often 
greenish. 

The screw-worm fly, Chrysomyia macellaria.—This is a bright 
metallic-green fly, with three black stripes on the thorax, and a yellow 
face. It measures from 8 to ro mm. in length. It lays its eggs on 
decaying animal matter and also in wounds, sores, and the nostrils 
and ears of men and cattle. The larve living in these situations often 
cause serious sickness, and sometimes even death. This is a widely 
distributed species; but it has attracted most attention in the South- 
western States where it is a serious pest of stock. 

The cluster-fly, Pollénia rudis—The cluster-fly is so-called be- 
cause of its habit of entering houses in the autumn and hiding away 
in protected nooks in large groups or clusters. It is a dark colored, 
slow-moving species, slightly larger than the house-fly. The thorax 
is thickly beset with soft woolly hair in addition to the bristles; the 
abdomen is brown with white pollinose spots. 

The calliphorid parasites of nestling birds, Protocalliphora.—Two 
species at least are found in our fauna, P. avium and P. splendida. 
Both of these have been found to be external blood-sucking parasites 
of nestling birds, often causing the death of the nestlings. Plath (’19) 
ce oe of 63 nests of five species of birds studied by him 39 were 
infested. 


Famity SARCOPHAGIDD 
The Sarcophagids 


This family has been commonly known as the flesh-flies because 
some of them lay their eggs in bodies of dead animals, resembling in 
habits the blow-fly, which belongs to the family Calliphoride; but 
a wider knowledge of the habits of various members of this family 
shows that this name is misleading. 

The Sarcophagidee as limited by Aldrich (16) in his monograph 
of the North American species includes all of the Muscoidea that 
agree in having the following characteristics: The coloration is gray 
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or silvery, tessellated or changeable pollinose; vein M42 has an almost 
angular bend and ends considerably before the apex of the wing; 
the sides of the face are hairy; and the arista of the antennz is plumose 
above and below for nearly half its length or a little more. None of 
the species has discal machrochete on the abdominal segments, 
hairy eyes, long proboscis, rudimentary palpi, or more than a single 
pair of discal scutellar bristles. 

So far as is known all species of this family are larviparous. The 
different species show a wide range in larval habits; but by far the 
greater number of the species that have been bred are parasitic in 
other arthropods. They have been bred from various insects, from 
scorpions, and from the egg-sacs of spiders. Several species have 
been bred from dead fish; and a considerable number from the excre- 
ment of mammals. Five or six species live only in the tubular cups 
of pitcher-plants (Sarracenia), feeding on the dead insects found 
there. It has been found that Sarcéphaga hemorrhoidalis is some- 
times the source of intestinal myiasis in man, and several cases of 
cutaneous myiasis caused by larve of Wohlfahrtia vigil have been 
described by Walker (’22 a). 

For the determination of species of this family one should consult 
the monograph by Aldrich (16). 


Famity TACHINIDAE 
The Tachina-Flies 


The tachina-flies are often found about flowers and rank vege- 
tation. They are usually short, stout and bristly (Fig. 1117). They 
differ from the following family, the Mus- 
cide, in that with the tachina-flies both 
the hypopleural and the pteropleural 
bristles are present; and they differ from 
the two preceding families, the Calliphor- 
ide and the Sarcophagida, in that in this 
family the second ventral abdominal 
sclerite, as well as the others, is more or 
less covered, sometimes wholly, by the 
edges of the dorsal sclerites. 

This is a very large family, more than 


Fig. 1117.—A_ tachina-fly. 


fourteen hundred species are listed from Tarva adult "puparium: 
North America alone; and from the and eggs upon the fore 
standpoint of the agriculturist it is the part of an army-worm, 


most beneficial family of the Diptera. Ni 

This family includes two subfamilies; the Dexiine, and the 
Tachinine, each of which is regarded as a separate family by some 
writers. 

The larvee are parasitic, chiefly within caterpillars, but they have 
been bred from members of several other orders of insects. An ex- 
tended list of tachinid parasites and their hosts is given by Coquillett 
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(97). The manner in which the larva finds its way into the body of 
its host differs greatly in different species of tachinids. Many obser- 
vations on this have been made at the Gipsy Moth Laboratory and re- 
ported by Townsend (’o8 b). In many species the female fastens 
her eggs to the skin of the caterpillar (Fig. 1117); when the larve 
hatch they bore their way into their host and live there till they are 
full-grown. In some of the viviparous species the female punctures 
the skin of the caterpillar with the sheath of her ovipositor and de- 
posits the larva within the body of the host. Some species deposit 
their eggs on the leaves of the food-plant of their host; these eggs are 
swallowed when the leaves are eaten. But most remarkable of all is 
the method practiced by Eupeletéria magnicornis; this is a viviparous 
species which infests the larva of the brown-tail moth. It attaches 
its larve to the surface of stems and leaves by a thin membranous 
case, which is cup-shaped and surrounds the anal end of the larva. 
Attached to the stem or leaf by this base, the maggot is able to reach 
out in all directions as far as its length will permit. As the maggot 
is deposited on the silken thread with which the caterpillar marks 
its trail as it leaves its nest, it is in a position where it can attach itself 
to the caterpillar when it is on its way back to the nest. 


Famity MUSCIDAi 
The Typical Muscids 


To this family belong the house-fly and many other well-known 
members of the Muscoidea. In this family either the hypopleural 
or the pteropleural bristles are present, the basal bristles of the ab- 
domen are reduced, and the arista of the antennz are plumose to the 
tip. Among the more important species are the following. 

The house-fly or typhoid-fly, Musca doméstica.—This is the most 
familiar representative of the order Diptera, as it abounds in our 
dwellings. The flies lay their eggs preferably on horse-manure, but 
will oviposit on other decaying vegetable matter, when horse-manure 
is not available. A single female may deposit from 120 to 160 eggs 
at one laying, and they have been observed to make as many as four 
layings. The larve become full-grown in from five to seven days; 
the pupa state lasts from five to seven days; and in about fourteen 
days after the flies emerge they are ready to oviposit. Hence there 
may be at least a generation a month during the warm season; and 
from a few overwintering flies an immense number may be developed. 
The house-fly is not only an exceedingly annoying pest in our dwel- 
lings, but as it will breed in human excrement, especially where there 
are open closets, it is doubtless often a carrier of the germs of typhoid 
fever, dysentery, and other enteric diseases. For these reasons Dr. 
Howard has suggested that this species be known as the typhoid-fly 
and the ‘“‘Swat-the-fly”’ crusades have been urged. Various means of 
protection from this pest, as window-screens and different kinds of 
traps, are well-known; but as Howard has so well put it, ‘‘the truest 
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and simplest way of attacking the fly problem is to prevent them from 
breeding, by the treatment or abolition of all places in which they 
can breed.” Garbage cans should be kept tightly closed and emptied 
at least once a week. Manure should be stored in tight receptacles 
or treated with borax, one-half pound of borax to eight bushels of 
manure. The borax should be applied immediately after the removal 
of the manure from the barn. Apply the borax particularly around 
the edges of the pile with a flour sifter or any fine sieve, and sprinkle 
two or three gallons of water over the borax treated manure. It is 
estimated that the cost of the borax will be about one cent per horse 
per day, (Cook, Hutchison, and Scales ’14). 

The stable-fly, Stomdxys cdlcitrans.—This species resembles the 
house-fly in appearance, but it is a trifle larger and has its mouth- 
parts fitted for piercing and for sucking blood. It annoys cattle 
greatly; and before storms and in the autumn it enters our dwellings 
and attacks us. The popular belief that the house-fly bites more 
viciously just before a rain is due to invasions of this species at such 
times. The mouth-parts of the true house-fly are not fitted for pierc- 
ing. The stable-fly is especially common in barns. It breeds in 
vegetable refuse, manure and excrement. 

The horn-fly, Hematébia irritans.—This is an exceedingly annoy- 
ing pest of horned cattle. It resembles the house-fly in appearance, 
but is less than half as large. These flies cluster in great numbers 
around the base of the horns; they also settle upon the back. The 
larve live in fresh cow-manure. The flies can be killed by spraying 
the cattle with kerosene emulsion or with crude petroleum. 

The tsetse-fly, Glassina morsitans.—This species, which is closely 
allied to the stable-fly, is widely distributed in Africa and is the carrier 
of the blood parasite that causes the disease of cattle known as 
nagana and the sleeping sickness of man. 


SECTION II—PUPIPARA 


Under this head are classed several families of flies that are para- 
sitic in the adult state. In most cases the adults live like lice on the 
bodies of birds or of mammals; but two species are parasites of the 
honey-bee. The name Pupipara was suggested by the fact that in 
the best-known forms the larve attain their full growth within the 
body of the female fly, where they are nourished by the product of 
glands specialized for this purpose. It was formerly believed that 
the young are born as pup; but it is now known that the change to 
the pupa state does not take place until after the larva is born. It is 
also known that this remarkable manner of development is not re- 
stricted to this group of families as it is characteristic also of the 
tsetse-fly. But the name Pupipara has been so getierally used for this 
group of families that it seems best to retain it. _ 

In the Pupipara the eyes are never large and in some forms they 
are either vestigial or wanting; the ocelli are present in some genera 
in others they are wanting. The antennez are apparently only one- or 
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two-jointed, and in some genera lack the arista; the mouth-parts are 
short and not at all retractile; the wings are well developed in some 
forms, in others they are vestigial or wanting; the abdomen is indis- 
tinctly segmented in most cases and leathery in appearance. 


Famity HIPPOBOSCIDA 
The Louse-Flies 


The louse-flies are very abnormal flies that, in the adult state, 
live like lice, parasitically, wpon the bodies of birds and mammals. 
Some species are winged, others are wingless, and still others are 
winged for a time and then lose their wings. 

The body is depressed; the head is closely attached to the thorax 
which is notched to receive it. The antenne are apparently one- 
jointed, with a terminal arista or style; they are situated in depres- 
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Fig. 1118.—Wing of Lynchia. 


sions near the mouth. The legs are broadly separated by the sternum; 
they are comparatively short and stout; the tarsal claws are strong 
and are often furnished with teeth. The winged forms vary greatly 
in the venation of the wings. The veins near the costal border are 
usually strong while the others are weak. Figure 1118 represents the 
venation of Lynchia. 

The sheep-tick, Melophagus ovinus——This well-known pest of 
sheep is the most common member of the Hippoboscidz found in this 
country. It is wingless and its halteres are vestigial 
(Fig. r119). It is about 6 mm. in length, of a reddish 
or gray-brown color, and with the entire body covered 
with long bristly hairs. This pest is often very injurious, 
especially to lambs after shearing time, as it tends to 
migrate from the old sheep to the lambs at this period. 

The life-history of this species illustrates well that 
type of development which suggested the name Pupi- Fig. 1119. 
para for the Hippoboscide and allied flies. The struc- 
ture of the female genital tract is described by Pratt (’99). A striking 
feature of it is the presence of two pairs of much branched glands, 
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the “milk-glands”’, which secrete a fluid for the nourishment of the 
larva. The larve become full-grown in the uterus of the female and 
are born one at a time at intervals of several weeks. In about twelve 
hours after the larva is born the puparium is completed; and the 
adult emerges in from nineteen to twenty-four days later. 

_  Tocontrol this pest the sheep should be dipped twice after shear- 
ing, in some good “‘dip”’ of which several kinds are on the market 
(See Farmers’ Bull. 798, U. S. Dept. Agr.) 

Among the more common representatives of this family, besides 
the sheep-tick, found in this country are the following. 

Lynchia americana.—This is a yellowish winged species rather 
common on owls and other raptorial birds, and on the partridge or 
ruffed grouse. 

Lipoptena depréssa.—This species is found on deer. The young 
adults are winged and probably fly about in search of their host; but 
later after becoming established on a deer they shed their wings. 


Famity STREBLIDA 


The Bat-Ticks in part 


This family and the following one include small flies that are 
parasitic upon bats. In this family the head is of moderate size, 
with a freely movable neck, but is not bent back upon the dorsum 
of the thorax, as in the following family. The eyes are vestigial or 
wanting; the ocelli are wanting; the palpi are broad and project leaf- 
like in front of the head; the wings are sometimes wanting or vestigial. 

In this family, as in the Hippoboscide, the larva becomes fully 
grown within the body of the parent female. 

For figures and descriptions of some of our species of this family 
see Ferris (’16). 

The genus A scodipteron, species of which are found in the Australian region and 
in other parts of the Eastern Hemisphere, is of great interest, because the females 
become endoparasites. The adults of both sexes are winged at first. Later the 
female, probably after copulation, cuts a hole through the skin of a bat and after 
shedding her wings and legs nearly completely imbeds herself in her host. The 
insect then increases greatly in size and becomes a flask-shaped creature, both 
head and thorax becoming invaginated so that they are not visible. The caudal 
end of the body projects from the cavity in which the insect lies. The larve, 
which become full-grown one at a time, are ejected from the uterus and fall to 
the ground, where they pupate. For a more detailed account see Muir (12). 


Famity NYCTERIBIIDA 
The Bat-Ticks in part 


This family includes small, spider-like, wingless flies, which are 
parasitic upon bats. The head is narrow, and when at rest is folded 
back in a groove on the dorsum of the thorax. The eyes and ocelli 
are vestigial; the antenne are short and only two-jointed; the legs 
are long, and the tarsal claws of ordinary form; although these insects 
are wingless, the halteres are present, but sometimes vestigial. 
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The reproduction of these flies is of the pupiparous type. When 
the mature larva is born it is fastened in some cases to the host, 
(Muir, ’12) and in others the female leaves the host for a short time 
and fastens the larva to the perch to which the bats cling (Scott, 
’r7). In each case the larva is pressed against the supporting object 
to which it adheres firmly. 

Only a few species have been found in this country, for figures 
and descriptions of these see Ferris (’16 and ’24). 


Famity BRAULIDA 
The Bee-Lice 


This family includes only a single genus, Braula, of which there 
is only one well-known species, Braula ceca. This is a minute insect, 
1.5 mm. in length, 
which is parasitic up- 
on the honey-bee (Fig. 
1120). It is found 
clinging to the thorax 
of queens and drones. 
It is wingless and also 
lacks halteres; the 
head is large; the ocelli 
are wanting; the 
eyes are vestigial; the 
legs are comparatively 
short; and the last 

wage ae segment of the tarsi 
Migs} Nes cecca, (From Starp after Mein- nair DEER 
pendages. 

The bee-louse was described by Réaumur nearly two hundred 
years ago and remained the only known species of this family till ro14, 
when another species, Braula kohli, was described from the Belgian 
Kongo; this species is parasiticonan African honey-bee, A pis mellifica 
var. adamsont. 

The affinities of this family are in doubt. Until recently Braula 
has been supposed to be similar in its mode of development to the 
sheep tick, and for this reason the family classed with the Pupipara. 
But it is now known that Braula lays eggs; and the developmental 
stages have been found in tunnels under the capping of sealed honey 
(See ‘““Monthly Letter” of the U. S. Bureau of Entomology, Number 
113, september 1923). 

It is maintained by both Borner and Bezzi that Braula should be 
classed near the Phoride. But Muggenburg (’92) has shown that 
there is a ptilinum in this genus. It, therefore, does not belong to 
the series Aschiza. 


GHABTER XXIEX 
ORDER SIPHONAPTERA* 
The Fleas 


The members of this order are small, wingless insects, in which the 
body 1s laterally compressed, so that the transverse diameter is small, 
the vertical one great. The mouth-parts are formed for piercing and suck- 
ing. The metamorphosis is complete. 

The name of this order refers to the form of the mouth-parts and 
to the wingless condition of these insects. 

These tiny tormentors are best known to us in the adult state; 
for it is only the adults that annoy us and our household pets. The 
larve and pupz are rarely observed except by students who search 
for them. 

The body of the adult is oval and greatly compressed, which allows 
the insect to glide through the narrow spaces between the hairs of its 
host. The integument is smooth, quite 
hard, and armed with bristles, which 
are arranged with great regularity (Fig. 
1121) and thus afford good characters for 
distinguishing the different species. The 
smoothness and firmness of the body 
make it easy for the insect to escape when 
caught between the fingers of man or the 
teeth of lower animals. When once out 
of the clutch of an enemy it quickly 
leaps away. — oe Fig. 1121.—The dog-flea and 

The head is broadly joined to the thor- its larva. 
ax. There are no compound eyes; but 
on each side of the head there is usually an unfaceted eye; these, 
however, are sometimes wanting. Each antenna lies in a groove 
somewhat behind and above the eye (Fig. 1122). The antenne are 
three-jointed; the third joint, the flagellum, often called the club, 
may be unsegmented, segmented on the posterior border only, or 
completely segmented into several, usually nine, more or less separate 
pseudo-segments (Fig.1123A). There is usually an internal thicken- 
ing of the body-wall extending over the vertex from one antennal 
groove to the other (Fig. 1122, f), this is known as the falx or sickle- 
shaped process. That part of the dorsal wall of the head in front 
of the antennal groove and this thickening is termed, by writers on 
the Siphonaptera, the frons; the part behind them, the occiput; and 
the lateral aspects of the head, below and behind the eyes, the gene 
or cheeks. 

A remarkable feature of the head of the Siphonaptera is the fact 
that in the more generalized forms it is divided into two distinct 


*Siphonaptera: siphon (slpwv) a tube; apterns (drrepos) without wings. 
(877) 


878 AN INTRODUCTION TO ENTOMOLOGY 


parts with a somewhat flexible articulation between them. (Fig. 
1124); the anterior part bears the mouth-parts and the eyes, while 
the antenne are joined to the 
posterior part. The falx (Fig. 
1122, J), which is present in 
many of the more specialized 
fleas is evidently a vestige of 
the articulation between the 
two parts of the head; even 
this vestige is wanting in many 
fleas. 

The mouth-parts are form- 
ed for piercing and sucking. 
When seen without dissection 
these parts are apparent: the 
maxille, which are triangular 
plates (Fig. 1122, mx); the 
maxillary palpi, which are long 
and four-jointed (Fig. 1122, 
mx. p);and the proboscis, (Fig. 
1122, p). 

Fig. 1122.—Head of a flea, Ceratophyllus The proboscis consists of an 
multispinosus: f, fax; mx, maxilla; elongated labrum-epipharynx, 
mx.p, maxillary palpi; p, proboscis. two long and slender mandi- 
RE) bular blades, and a sheath 

formed by the labium and the labial palpi. The space between the 

labrum-epipharynx, in the lower side of which there is a groove, 


Fig. 1124.—Head and prothorax of 
Ischnopsyllus: F, frons; O, occi- 


. Ly: : put; N, pronotum; P, propleurum; 
ake ePa cery cor a8 ee a, antenna; ¢, ctenidia; m, maxilla; 
atophyllus fasciatus. (After Pat- mp, maxillary palpus. 


ton and Cragg.). 
and the mandibular blades, which are closely applied to the lab- 
rum-epipharynx, serves as a food-canal, through which the blood 
taken from the host is sucked into the alimentary canal. There is 
also a second canal formed by the apposition of two grooves, one on 
the inner side of each of the mandibles; through this canal the 
salivary secretion is forced into the wound. The piercing organ is 
the mandibles; the distal part of each mandible is beset with re- 
curved teeth; and the proximal end of the blade is connected with a 
chitinous lever, which in turn articulates with the head-capsule; by 
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the action of muscles attached to this lever, the blade of the mandible 
can be forced in and out. The number of segments of the labial palpi 
varies from two to seventeen. 

The three segments of the thorax are quite distinct from one 
another although closely joined. The ventral part of the prothorax 
extends forward under the head, so that the first pair of legs appear 
to depend from the head. There is usually one, but there may be 
two or three, transverse rows of bristles on each thoracic segment. 
There are no vestiges of wings. The legs are long and strong and 
fitted for leaping; the hinder pair are largest and the middle pair 
next 1n size. 

The abdomen is composed of ten segments; the first seven of these 
are comparatively simple in structure; the last three are specially 
modified for sexual purposes. The variations in form of the sclerites 
of these segments and of the genital appendages afford characters 
much used in the classification of these insects. The ninth tergite 
bears what is evidently a sensory plate; on the surface of this there 
is a number of clear areas from each of which there projects a long 
slender and extremely fine hair. The function of this organ is unknown. 

A conspicuous feature of many fleas is the presence of a series of 
short, stout spines on various parts of the body; these are known as 
combs or ctenidia. The presence or absence of ctenidia and their 
location when present are important distinctive characters. In the 
dog-flea (Fig. 1121) there are ctenidia on the genz and on the posterior 
border of the prothorax. 

Large bristles placed at the dorsal angle of the seventh abdominal 
segment are termed the antipygidial bristles. 

The eggs of fleas are scattered about the floors of dwellings and 
in the sleeping-places of infested animals. The larve are slender, 
worm-like creatures, with a distinct head and without legs. (Fig. 
1121). They have biting mouth-parts, and feed upon the decaying 
particles of animal and vegetable matter always to be found in the 
dirt in which they live. When full-grown the larva spins a cocoon 
within which the pupa state is passed. 

Fleas are parasitic only in the adult state. Some species infest 
birds, but by far the larger number prey upon mammals, and most 
mammals are subject to the attacks of these parasites. Although the 
different species of fleas infest different hosts they are not so restricted 
in their host relations as are many parasites, and may pass from 
their normal host to another species; for example, both the dog-flea 
and the cat-flea frequently attack man. 

Formerly fleas were regarded as merely annoying pests of man and 
his pets; but it has been found that fleas are the carriers of bubonic 
plague; this fact has greatly increased the interest in these insects. 
A result of this increased interest is that extended studies of the 
Siphonaptera have been made recently and are being made now.* 


*It is now known that the bubonic plague, which has caused the death of many 
millions of people, is a specific infectious disease caused by one of the bacteria, 
Bacillus pestis; and that it is primarily a disease of rodents, especially of rats. 
It has been shown by experiments that this disease is transmitted from one ro- 
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Torida dog or cat of fleas Persian insect powder should be carefully 
rubbed into its hair, or powdered naphthalene or moth balls used in 
the same way. The animal should be treated on paper spread on the 
floor, and the stupified fleas that come to the surface of the hair or 
drop out collected and burned. The bedding in kennels should be of 
some substance that can be replaced frequently, as shavings or straw, 
and when replaced the old bedding should be burned, and the floors 
wet with kerosene emulsion or some other insecticide that will de- 
stroy the eggs and larve. The animals should be kept from beneath 
dwellings where fleas may breed rapidly, and where it is difficult to 
reach the breeding places. 

In regions where fleas abound much relief can be obtained by the 
use of rugs on the floors of dwellings instead of carpets. The frequent 
shaking of the rugs and cleaning of the floors will prevent the breeding 
of these pests within the house. Asa single flea will inflictmany bites, 
it often happens that a house will seem to be overrun by them when 
only a few are present. In such cases a careful search for and the 
capture of the offenders will soon remedy the evil. 

People that suffer from the attacks of these pests can also gain 
much relief by dusting the upper part of their stockings each morning 
with Persian insect powder, and by sprinkling a small quantity of this 
powder between the sheets of their beds at night. 

The destruction of rats and the fleas that they harbor in a region 
where bubonic plague exists is the most important means of preventing 
the spread of this disease. This has been done very efficiently by the 
United States Marine Hospital Service in those cases where the plague 
has been introduced into this country. 

Except where bubonic plague is present the bites of fleas are not 
likely to cause serious results, although they may be very annoying. 
The irritation caused by them can be relieved by the use of some 
cooling application as menthol, camphor, or carbolated vaseline. 
Scratching the bites should be avoided as that aggravates the in- 
flammation. 

This order inciudes about soo described species, and additions to 
the list are constantly being made. A revision of the American species 
was published by Baker (’04 and ’o5). Later Oudemans (’10) pub- 
lished a new classification of the order in which he gave atable of the 
families and genera of the world. The more striking features of the 
classification by Oudemans are the division of the order into two 
suborders and the proposed establishment of several new families, 
some of which have not been adopted by other authors. In the 
following account reference is made only to North American forms. 

The division of the order into two suborders is based on the 
structure of the head. In the first suborder, the Fracticipita, are in- 
cluded those fleas in which the head is jointed; the second suborder, 
the Integricipita, includes those fleas in which the head is not jointed. 
dent to another by fleas; and from rodents to monkeys in the same manner. 


It is concluded, therefore, that the disease is carried to man also by fleas. See 
textbooks of medical entomology. 
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SUBORDER FRACTICIPITA 
The Broken-headed Fleas 


_ In the members of this suborder the head is divided into two 
distinct parts with a somewhat flexible articulation between them. 
On the dorsal wall of the head the anterior part, the frons, overlaps 
the posterior part, the occiput (Fig. rr24). 

Representatives of two subfamilies of this suborder occur in our 
fauna; these families can be separated as follows. 

A. Ctenidia of the head consisting only of two broad teeth on each side in front of 
the maxillary palpi, none between the palpi and the antennal groove; apex of 
MAEELEUMCALED COL Agta thie as en | eRe ae, Sa ISCHNOPSYLLIDZ 

AA. Genal ctenidia, when present, placed between the maxillary palpi and the 


antennal grooves or extending from the antennal groove to the anterior margin 
Of the) héad;"apex of maxillee pointed’ p,.881.9.,.....0...- LEPTOPSYLLIDA 


Famity ISCHNOPSYLLIDA® 


This family includes those Fracticipita in which the ctenidia of 
the head consist only of two broad teeth on each side close to the 
lower anterior angle of the head, in front of the maxillary palpi, 
(Fig. 1124), and in which the apex of the maxille is truncate. It is 
represented in our fauna by only a few described species; these infest 
bats and are occasionally found on mice of the genus Peromyscus. 


Famity LEPTOPSYLLID 


To this family belong most of our members of the suborder Fracti- 
cipita. In these the genal ctenidia, when present, are placed between 
the maxillary palpi and the antennal grooves or extend from the 
antennal groove to the anterior margin of the head; the apex of the 
maxille is pointed. 

Many Amerian species have been described; the greater number 
of these infest rodents, a few species are found on birds, and some of 
those infesting rats will attack man. 


SUBORDER INTEGRICIPITA 
The Unbroken-headed Fleas 


In the members of this suborder the head is not divided into 
two distinct parts by an articulation, although a vestige of the seg- 
mentation, the falx, may be present (Fig. 1122, f). Thefrons does not 
overlap the occiput on the dorsal wall of the head. 

Representatives of three families of this suborder occur in our 
fauna, these families can be separated as follows. 

A. Abdomen with small, sharply pointed spines on apices of tergites; inner 


surface of anterior portion of hind coxe without small spines. although a 
patch of bristles is sometimes present. p. 882.......... CEKATOPHYLLID 


882 AN INTRODUCTION TO ENTOMOLOGY 


AA. Abdomen without apical spines on the tergites; inner surface of anterior 
portion of hind-coxe with one row of small spines, rarely with more than one 
row. 

B. Thorax longer than the head, not shorter than the first abdominal tergite, 


Di 882.2 wham anba weet. d Meese aioe he eee cutee ieee eee res PULICID 
BB. Thorax shorter than the head, also shorter than the first abdominal 
tergites: py 882 «seve ore ead ice eee ea Se ee ECHIDNOPHAGIDAl 


Famity CERATOPHYLLIDA: 


This family includes those Integricipita in which there are small, 
sharply pointed spines on the apices of some of the abdominal tergites. 
It is represented in this country by many species; these infest various 
rodents, mink, birds, and man. 


Famity PULICID® 


This family includes those Integricipita without apical spines on 
the abdominal tergites in which the thorax is longer than either the 
head or the first abdominal tergite. It includes some of our most 
common and best-known species; among these are the following. 

The cat-flea, Ctenocéphalus felis.—This is the species that is most 
often found in our dwellings in the East and in the South, and the 
one that most often attacks man in these regions. Both the gene 
of the head and the pronotum are armed with ctenidia; the genal 
ctenidia extend from the antennal groove to the anterior margin of 
the head. The first spine of the genal ctenidia is about as long as 
the second. This species infests dogs as well as cats. 

The dog-flea, Ctenocéphalus canis.—This species is closely allied 
to the cat-flea, but in this species the first spine of the genal ctenidia 
is only about one-half as long as the second spine. This flea infests 
dog, cat, and man. 

The human flea, Pulex trritans —On the Pacific Coast this is the 
species that is most often found in houses attacking man. It is 
easily distinguished from the two preceding species by the fact that 
its head and thorax lack ctenidia. Man is its natural host; but it 
will infest various other animals temporarily. 

The Indian rat-flea, Xenopsylla chéopis.—Among the various spe- 
cies that are supposed to transmit the bubonic plague, this cosmo- 
politan species is regarded asone ofthe more important. It resembles 
the human flea in lacking ctenidia, but can be distinguished from 
that species by the fact that the mesosternite is broad, with a rod-like 
internal thickening extending from the insertion of the coxa upward. 

Hoplopsyllus anémalus.—This is the plague carrier, of the Cali- 
fornia ground squirrels, and it also infests rats. In this species there 
is a ctenidium on the pronotum, but none on the head. 


Famity ECHIDNOPHAGIDA 


In this family the thoracic segments are short, the three segments 
together being shorter than the first abdominal segment in the dorsal 
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line; the genal margin of the head is produced into a triangular 
process at the ventral oral angle; and ctenidia are lacking. The 
two following species are the best-known members of this family. 

The sticktight flea, Echidnéphaga gallindcea—This is a very 
serious pest of poultry especially in the southern and southwestern 
portions of the United States. It isa small, dark brown species, which 
is often found in dense masses attached to its host; heads of chickens 
are often covered with dark patches of these fleas. This species is 
known as the sticktight flea because it seldom hops about, biting here 
and there, as do most fleas, but settles down on its host, deeply insert- 
ing its mouth-parts, and remains for days or weeks. While this 
species is chiefly a pest of poultry, it is often found in dense masses 
on the ears of dogs and cats. 

The chigoe (chig’d) or jigger, Tringa pénetrans.—This is a small 
flea found in the West Indies, Mexico, Central and South America, 
and in tropical Africa. It has been reported from Florida but it is 
not known to be established in the United States. The males and the 
unimpregnated females live in dry, sandy soil; they are only about one 
millimeter in length, and behave in the ordinary manner of fleas, 
feeding on the blood of man and many other animals, domestic and 
wild, and even birds. When impregnated, the female burrows into 
the skin of her host. Soon after this the abdomen becomes distended 
with eggs and acquires the size of a small pea. This species often 
causes serious injury to man by burrowing beneath the skin of the 
foot, causing the formation of a sore, which may become infected 
with bacteria, and cause the loss of a toe or a leg. 

In the southern United States the names chigoe and jigger are 
improperly applied to the harvest-mites, which are the immature 
six-legged forms of various mites that attach themselves like ticks to 
the skin and become gorged with blood. 


CHAPTER XXX 
ORDER HYMENOPTERA* 
Bees, Wasps, Ants, and others 


The winged members of this order have four wings; these are mem- 
branous and have the wing-venation more or less reduced. The hind 
wings are smaller than the fore wings. The mouth-parts are formed for 
chewing or for both chewing and sucking. The abdomen in the females 
is usually furnished with a sting, piercer, or saw. The metamorphosts 
1s complete. 

The Hymenoptera is a very large order, including a vast number 
of species. The bees, wasps, and ants are among the better-known 


ee 


Fig. 1125.—Wings of A pis showing hamuli. 


members of it; but in addition to these it includes a large number of 
less familiar forms. Many of these are minute parasites of other in- 
sects; others cause the growth of galls on plants; and still others, in 
their larval state, feed on the foliage of plants or are borers in the 
stems of bushy or herbaceous plants or in the limbs and trunks of 
ibcees: 

The members of this order are chiefly of small or moderate size, 
and many of them abound wherever flowers bloom. From very early 
times some of them have been favorites with students of the habits 
of animals, for among them we find wonderful developments of in- 
stinctive powers. Many volumes have been written regarding their 
ways, and much remains to be discovered, even concerning our most 
common species. 


*Hymendéptera: Hymen (oujv), membrane; pteron (mrepév), wing. 
(884) 


HYMENOPTERA 885 


The membranous nature of the wings, which suggested the name 
of the order, is not a distinctive characteristic, for it is possessed by 
the wings of many other insects. 

The two pairs of wings are similar in texture. The wings of each 
side are held together by a row of hooks, the hamult, on the front mar- 


Fig. 1126.—The veins of a typical hymenopterous wing. 


gin of the hind wing (Fig. 1125); these hooks fasten to a fold in 
the hind margin of the front wing, so that the two wings present a 
continuous surface. The hind wings are smaller than the fore wings 
and have a more reduced venation. Some forms are apterous. 

This is one of the orders in which in the specialization of the 
wings the wing-venation is reduced. In themore generalized members 
of the order this reduction of the wing-venation is slight, but in the 
more specialized forms it is extreme. Even in the more generalized 
forms, where nearly all of the veins are preserved, the courses of the 
branches of the forked veins have been greatly modified. This has 
been brought about by the coalescence of veins from the margin of 


Fig. 1127.—The cells of a typical hymenopterous wing. 


the wing inward. To understand this one should study a series of 
wings of Diptera in which all stages of the modification of the venation 
in this way are illustrated, for in the Hymenoptera only the later 
stages are shown. The series of figures illustrating the coalescence 
of veins Cuz and 2d A in the Diptera will aid in understanding what 
has happened in the Hymenoptera. 

Figures 1126 and 1127 represent what may be regarded as a 
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typical hymenopterous wing; in the former the veins are lettered, in 
the latter, the cells. These are figures of a fore wing of Pamphilius 
(Fig. 1135) except that vein Re, which is lacking in this genus, is 
added. This vein is well preserved in Macroxyela (Fig. 1134); but 
in Macroxyela vein Cuz is lost; the position of the last forking of the 
cubitus is indicated, however, by a bend in this vein. In these figures 
of the typical hymenopterous wing the lines indicating the course of 
the free part of media, after it separates from radius, are crossed by 
short lines. 


The cells marked m, m, m, in Figure 1127 are termed the marginal 
cells; and those marked sm, sm, sm, sm, the submarginal cells; the 
three cells, Mu, rst Mo, and M3 are termed the discal cells. 


The working out of the various ways in which the wing-venation 
has been reduced in the more specialized families is an exceedingly 
difficult problem, one that is beyond the scope of this book. A general 
discussion of it has been published by the writer (Comstock ’18); 
a special paper on the venation of the Chalastogastra has been pub- 
lished by Professor A. D. MacGillivray ('06); and a very detailed 
account of the modifications of the wing-venation in the Clistogastra 
has been prepared by Professor J. C. Bradley and will probably soon 

be published. 


The mouth-parts are formed for chewing in all 
Hymenoptera, and in the more specialized members 
of the order they are fitted for both chewing and for 
sucking or lapping liquid food. In the saw-flies, for 
example, the mouth-parts resemble quite closely the 
orthopterous type, while in the bees they differ 
markedly from this type; and intermediate forms 
exhibit intermediate degrees of modification of the 
mouth-parts. 


In the long-tongued bees the labrum and man- 
dibles retain the form characteristic of chewing in- 
sects and the mandibles function as organs for crush- 
ing or cutting; but the labium and maxille are elon- 
of a ae gated, the maxille form a sheath to the labium, the 
a Sie, ae three organs thus constituting a suctorial apparatus 
rum; m, man- (Fig. 1128). In this figure the maxille are repre- 
dible; mx, max- sented separated from the labium. 
illa; p, labial 
nee ae ine The legs of the Hymenoptera present characters 


bium. that are much used in the classification of these in- 
sects. Among the more striking of these are the fol- 

lowing; the trochanter may consist of two segments 

(Fig. 67, B) or of only one; the metatarsus of the hind 

legs is greatly enlarged in bees (Fig. 67, C); and in several families 
the fore legs are fitted with an organ which is used in cleaning the 
antenne, the antenna cleaner or strigilis. This consists of a curved, 
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comb-like, movable spur on the distal end of the fore tibia (Fig. 
1129) and opposite this, on 
the base of the metatarsus, a 
concavity fringed with hairs. 
In cleaning an antenna it is 
drawn through the space be- 
tween these two parts of the 
strigilis. 

In addition to the terms 
defined above the following 
are used in descriptions of Hy- 
menoptera. 

The malar space.—The area 
on each side of the head includ- 
ed between the proximal end of 
Fig. 1129.—Leg of an ant, and strigilis the mandible and the ventral 

enlarged. — (From AG Bs Comstock, Hand- end of the compound eye: 
Book. of Nature Study-} The propodeum.—The first 
abdominal segment when it 
forms a part of the alitrunk or wing-bearing region of the body. See 
characterization of the suborder Clistogastra. This is often called 
the epinotum by writers on ants. 

The parapsides or scapule.—In many Hymenoptera the prescutum 
of the mesothorax is prolonged backward to a greater or less extent; 
in some it extends a considerable 
distance toward the scutellum 
but does not reach it (Fig. 1130, 
B); in others it reaches the scu- 
tellum dividing the scutum into 
two parts (Fig. 1130, A); these 
separated halves of the scutum 
are commonly called the parap- 
sides or scapule. (Fig. 1130, par) 

The parapsidal furrows or no- __ 
tauli.—Thesuturesseparating the Fig. 1130.-A. Mesonotum of | Eury- 

: toma. B. Mesonotum of Cimbex. 
prescutum from the parapsides. (After Snodgrass.) psc, prescutum, 
(Big: 1530, p.f). sct, scutum, par, parapsides; Pf, 

The posterior lobes of the pro-  Parapsidal furrows. 
notum.—A distinctly differenti- 
ated rounded lobe, on each side 
covering the spiracle, which forms the lateral extension of the pro- 
notum of Sphecoidea. 

The prepéctus—An area along the cephalic margin of the epi- 
sternum of the mesothorax which in some Hymenoptera is separated 
by a suture-like furrow. 

The epicnémium.—This is the same part as the prepectus. 

The cénchri.—A pair of membranous lobes or areas on the meta- 
notum of all Chalastogastra. 
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The gaster.—The swollen portion of the abdomen behind the pedi- 
cel in the suborder Clistogastra. 


The pygidial area.—In many of the aculeate or stinging Hymen- 
opetra there is an area on the pygidium which is bounded on each 
side by a carina, the two carinz meeting posteriorly on the middle 
line of the segment; this area is known as the pygidial area. 


The anal lobe.—The posterior lobe of the wings, which is defined 
on page 61 (Fig. 71, l) is also called the anal lobe. In the suborder 
Clistogastra the presence or absence of an anal lobe in the hind wings 
is an important taxonomic character. 


The preaxillary excision.—In the hind wings of some Hymenoptera 
there is in addition to the axillary excision, defined on page 61, an- 
other notch, the preaxillary excision. In the hind wings of the 
Hymenoptera the axillary excision, when present, is at the apex of 


ae Pae 


Fig. 1131.—Wings of Elis: ae, axillary excision; pae, preaxillary excision. 


the second anal furrow, which lies between the second and the third 
anal veins (Fig. 1131, ae); the notch may be present in forms in 
which both the furrow and the veins are lacking. The preaxillary 
excision is situated at the apex of the first anal fold, which is just 
cephalad of the first anal vein (Fig. 1131, pae). 


The preanal lobe.—That portion of the anal area of the hind wings 
that lies between the axillary excision and the preaxillary excision 
constitutes the preanal lobe. 


In the Hymenoptera the metamorphosis is complete. The larvee 
of the Chalastogastra are caterpillar-like in form and are furnished 
with thoracic legs and usually with abdominal prolegs; but in some, 
mostly borers or internal feeders, the prolegs are wanting. In all 
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Clistogastra the larvee are maggot-like in form and have no legs. The 
pupz are of the exarate type, that is, the legs and wings are free, as 
in the Coleoptera. With many species the larva, before changing to 
a pupa, spins a cocoon about its body. With some this cocoon is 
composed of comparatively loose silk, and resembles somewhat the 
cocoon of a moth. In others the cocoon is of a dense parchment-like 
texture, and in still others it resembles a very delicate foil. 


Parthenogenesis —The production of young by females that have not mated is 
known to occur in members of several families of this order. In some species the 
young thus produced are all males; in others they are all females; and in still 
others both males and females are developed from unfertilized eggs. Among the 
well-known examples of parthenogenetic reproduction are the following. Some- 
times a queen honey-bee produces eggs before she has mated; from such eggs 
only males are developed. The eggs produced by fertile worker bees and fertile 
worker ants, neither of which mate, develop only into males. In certain gall- 
flies there is an alternation of a generation consisting of males and females and a 
generation consisting only of females, which reproduce parthenogenetically; 
the young of the latter are males and females. In some species of the Tenthred- 
inide the reproduction is believed to be entirely parthenogenetic, males of these 
species being unknown. 

Polyembryony.—In several genera of minute parasitic Hymenoptera the 
number of young produced is not dependent upon the number of eggs laid, for 
with these insects many embryos are developed from a single egg. This type of 
development is termed polyembryony; and has been investigated by several 
workers. A recent paper on this subject is that of Dr. R. W. Leiby (’22), in 
which there is a list of the earlier papers. Dr. Leiby traced the development of 
Copidosoma gelechie, a parasite of the solidago gall-moth, the insect that makes 
the spindle-shaped gall on golden-rod (Fig. 769). The parasite oviposits in the 
eggs of the moth which it finds on leaves or stems of goldenrod in early fall. 
By the arrival of cold weather the developing egg or parasite body is found as a 
polynuclear mass within the completely formed host embryo, which has developed 
synchronously. When the host larva hatches in the spring the parasite body is 
found lodged in the fat-body of the host. As the host larva grows the polygermal 
mass becomes a mass of embryos, which are later set free into the body-cavity of 
the host larva as parasitic larve. These larve feed upon the body content of the 
host devouring the blood, muscles, fatty tissue, and in fact everything except the 
chitinous parts. An average of 163 adult-parasites is developed from a single egg. 
The details of this development are described at length by Dr. Leiby and are illus- 
trated by many figures. : ‘ 

In a later paper Dr. Leiby and C. C. Hill (’23) described the development of 
Platygaster heimales, a parasite of the Hessian fly. From some of the eggs of this 
parasite a single larva is developed; but from others two larve are produced. 
This species is of great interest as illustrating the beginning of polyembryony. 

Aquatic Hymenoptera.—It has long been known that the adults of certain 
parasitic Hymenoptera descend beneath the surface of water in order to ovi- 
posit. One of these is a parasite of caddice-worms, the others whose hosts are 
known lay their eggs in the eggs of various aquatic insects. Most of the observa- 
tions on these insects have been made in Europe but recently Professors Mathe- 
son and Crosby (’12) have described the habits of three minute species which 
have been reared at Ithaca, N. Y.; they also give a list of the known aquatic 


Hymenoptera. 

The classification of the Hymenoptera.—The classification of the 
Hymenoptera, 7. ¢., the sequence of the families and the groupings of 
these families into superfamilies, adopted in this chapter is that 
recently worked out by Messrs. J. C. Bradley, S. A. Rohwer, and 
J. Bequaert. 


Authorities are not in agreement as to the proper application of certain generic 
family and other group names in the order Hymenoptera. The matter is a 
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technical one, and is before the International Commission on Zoological Nomen- 
clature for a definite decision. Until such a decision is rendered, we prefer to re- 
tain the long established usage of these names, as indicated below, where is also 
shown the equivalent name used by some recent authors. 

Argide instead of Cryptide for a family of sawflies. 

Cimbicide instead of Crabronide for a family of sawflies. 

Proctotrupide instead of Serphidz for a family of parasitic wasps. 

Proctotrupoidea instead of Serphoidea for a superfamily of parasitic wasps. 

Ceraphronide instead of Calliceratide for a family of parasitic wasps. 

Toryminz instead of Callimominz for a subfamily of chalcid-flies. 

Lasius instead of Acanthomyops or Donisthorpea for a genus of ants. 

Pompilidz instead of Psammocharide for the family of spider-wasps. 

Bethylide instead of Psilide for a family of parasitic wasps. 

Prosopide instead of Hyleide for a family of bees. 

Prosopis instead of Hyleus for a genus of bees. 

Bombide instead of Bremide for the family of bumblebees. 

Bombus instead of Bremus for a genus of bees. 

Anthophora instead of Lasius or Podalirius for a genus of bees. 

Ammophila instead of Sphex for a genus of thread-waisted wasps. 


SYNOPSIS OF THE HYMENOPTERA 
‘Suborder CHALASTOGASTRA. The sawflies and horn-tails. p. 891. 


ihe sxcv.clidisavyytiesmeps OOO eee trian ci aeneee Family XYELIDZ 
The Web-spinning and the leaf-rolling Sawflies. p. 897.. Family PAMPHIILIDA 
‘ThetHorn-tailsy 3p 808) ert ee eee ee Family Srricip& 
Abie NGiolmyGrabliel Says, MsSOOn cc secnas cue oedbosou ee Family XIPHYDRIIDZ 
Ther Sten Sa wikteste ps.9O0 seer etre aie ene eee eye Family CEPHIDA 
Woe Croalovelel SEN FIOM sonccconaccanceacos de uaoue Family CIMBICIDA 
Themhy picalisawilieses ps ©O2 meme erties e serene Family TENTHREDINIDE 
HesArgid Sa wittesmes O04 seme tan eters ets csi eters ata Family ARGID& 
AU CO Ip SRL Siok Wena 'c.c. cro ore Senet be MES EN eet Family OryssIp& 


Suborder CLISTOGASTRA or APOCRITA. 
Superfamily ICHNEUMONOIDEA 


pohewStephanidstan ps Ol Ol = eeeaee eects rn tere ener Family STEPHANID 
hers raconidsy eps OLOne eerie enter ieee ren era Family BRACONID© 
cineslichnedinonatesum O22 pene eee Family ICHNEUMONID 
‘hes irigonalilse gon O2 Orewa inte wee ene ene Family TRIGONALID2 
(hetAulacidst spr Q20uere termi ee a are eee: Family AULACIDA 
pbhevGastenuimti1dcqmn Oc Onin nae Family GASTERUPTUD 
Superfamily PROCTOTRUPOIDEA. 
AMAveyISNoy oy ROVAIOE, GOLICKWES vio aawas apes sn neesueaasasd Family ROPRONUD 
ethe A cloridsepw703 teem wee eee eee ets eee eee Family HELORIDA 
Ante Wekala@smabblol. js OBllecsoscoceccpernceonaceoes Family VANHORNIIDA 
AMloKE IPSCO REYES, jos CBs o ca cavscodocuowocees Family PROCTOTRUPIDE 
‘he Belytidstet pr O32 eter cer et herent er eran Family BELYTID= 
he Ceraphromids, p. 032.0 se ort eee ie ee Family CERAPHRONIDA 
The’ Pelecinids piO320.00 peruse ah te eee Family PELECINIDA 
(The Scelionidsye p1103 3c seen en eee eee eee Family SCELIONID 
Ane IPSC, jd ORB g Aa obawonuccoornce ae Family PLATYGASTERIDA 


The Gall-flies or Gall-wasps and their Allies. p. 934..... Family CynrpPipa 


The Chaleid-fies. 9p.) O40 so qian antes See Family CHALCIDIDA 
Superfamily EVANIOIDEA. 

The Bnsign-fies.iip.d049 ao ateeeerercer mea ee ee ees Family EVANID#& 
Superfamily VEsporpEA. The Vespoid-wasps. 

AMIS GoGleerAspsy Dh OkOsucoanscvsssecconadeoaadeu Family PomPmiDa 


‘The Haibolemidss! p.ig5rhiys seen oente ae ee Family EMBOLEMIDA 
he 'Cleptidsss p19 51 ee eee Se ee Family CLEPTIDa 
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i HekCUek Co-waspe yh. G5 Tiwkrnc uy hs vensnerse ewes Family Curysipipa 


IG AR UNOD OBCIGSy Ti OS 2.ak oat inid sclk ornnhels wSihioernes Family ANTHOBOSCIDA: 
UCP ADV Cl Ase unt QS Siseccessete. Siivew bis xf dagie 4 aiktrasiroljos0i sav ate Family SAPYGIDA 
Utes Ciymmidss pparO52.cmmeridiwticles cae Gin lta Family THYNNIDA 
‘dhtates a Uiol avila Sey Clic) mare cern anit aie tee oe ee: Family Treaips: 
LES) VEIVGR AES sc Th G53 LWeette e tie aU CD 5 oo Sie Family MutTmvin& 
rihegScolitdsag nyo Sieh Sieewerye.ueeheR ss Sok Gin dace er Family ScoLima 
PERSP gibi, ee OS Agee tye alec afc, Das. Ste onda onela ORT Family ForMIcIDA 
een etl yadson OOS ame e aya uct tledla,s OSIM Re ois, yet Family BETHYLIDA 
Eble Rho wal osomitsom pao Os ace aetna eae sie Family RHOPALOSOMIDA 


The Typical Wasps or Diploptera. p. 965.............. Family VESPIDz 
Superfamily SPHECOIDEA. The Sphecoid-wasp and the Bees. 
I. THE SPHECOID-WaAsps. 


pie eS ompthicidss: giecQ FOr at rresiigss. Hee oh SUAS e bs [as Family AMPULICID& 
AL ie eye alte gee G 7 Binet SS cl chaes O. Siel, aus Moe aig}! Family DryInip& 
hesiypicalisphecoid-waspsyp O75 den cea denser le: Family SPHECIDA 
Il. THE BEEs. p. 989 
The Dindstonsued Beck. Dy: O Snel ik aie eet eel A Family PRosopipa 
poh eAnelrenids sag OOS Steet 42 A Awe eae. ele Family ANDRENIDA 
The Leaf-cutter Bees and their Allies. p. 999....... Family MEGACHILIDA 
The! Bumblebcest sng 100 Lit See Ie ene eck: Family BomBipze 
pln RT Gneyebeeste pk LOO SMa eee. Rie. Sat ete Family Apipa 
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A. Base of abdomen not slender but broadly joined to the thorax by a more or 
less immovable joint; subanal vein of the fore wing present (except in the 
genus Acordulecera); wings always present. p. 894. Suborder CHALASTOGASTRA 

AA. Base of the abdomen constricted to a slender pedicel and joined to the 
thorax (alitrunk) by a narrow movable joint; subanal vein of the fore wings 
abselty wines OLLen absent. p.007. at. et ae Suborder CLISTOGASTRA 


KEY TO THE FAMILIES OF CHALASTOGASTRA 


By Dr. H. K. Townes 


A. Front tibia with two apical spurs; body usually rather short and broad. 
B. Third antennal segment very long, about as long as or longer than all of the 
following segments together; fore wing usually with vein Re. p. 896. XYELIDA 
BB. Third segment of antenna not remarkably long or the antenna consisting 
of three segments only; fore wing without vein Ro. 
C. Subcostal vein present and distinct; antenna with thirteen or more 
Seances iilbhieimaes 104 (h0 7/2 - pe ae oid tn an lomactomac chago: PAMPHILIIDA 
CC. Subcostal vein absent or present as a trace; antenna either with less 
than thirteen segments or pectinate or serrate. 
D. Antenna ending in a knob; abdomen with the lateral margin sharp. 
BE OOD ey et aiperr ae Paden ve once enrse: o Fonte shape an ubeeneen etal Perm CIMBICIDA® 
DD. Antenna not ending in a knob, filiform, somewhat enlarged toward 
the tip, or of other form; abdomen with the lateral margin rounded. 
E. Antenna with three, six, or thirteen or more segments. p. 904. ARGID 
EE. Antenna with seven to twelve segments. p. 902. TENTHREDINID 
AA. Front tibia with one apical spur; body usually more elongate. 
B. Antenna attached under a ridge just above the mouth, apparently arising 
(eRomallnemanoyhhe chun [OM COGIs ocx cick Orlane Abaca ep Oo corr seo toon ORYSSIDA& 
BB. Antenna attached normally, near the middle of the face. 
C. Abdomen terminating in a hard spike-like or triangular point (in females, 
AION) INS OnmrosncaM oe Yo Wolo Mt omeuadoe Foowanoennaoooomae SIRICIDA 
CC. Abdomen not terminating in a hard point. 
D. Pronotum rectangular, saddle-shaped, with lateral and dorsal surfaces; 
ilove loranteral @oyoahorasctealy joy, Clee). ate noo Toud duoc Ue CO beE CEPHID4& 
DD. Pronotum a narrow collar extending around the front of the thorax, 
presenting a lateral and cephalic but no dorsal surfaces; abdomen cylin-, 
Ghai, “(Ne CCL ons aodus oped goon oe ese os 4 Gul Um OrS c XIPHYDRIDA 
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KEY TO THE FAMILIES OF THE COMMONER CLISTOGASTRA* 
‘ By Dr. H. K. Townes 
A. Wings present. 


B. Either the antenna with more than thirteen segments or the hind wing 
without closed cells (= cells completely surrounded by veins); legs usually 
with two trochanters (parasitic Hymenoptera). 

C. Antenna with seventeen or more segments, rarely as few as fifteen; 
costal cell of front wing obliterated by the fusion or close approximation 
of the costal and R + M veins; hind wing nearly always with closed cells. 
D. Fore wing with vein M2 so that cells M;and ist Mzare separate. p. 922 

ince Re oes ina SOOO. 0 ia te 0.0.0.0. COS ICHNEUMONID 
DD. Fore wing lacking vein Mz, cells Mi and ist Mz confluent. p. 919 
Bay Aa oe tae ce SALA Mo Doric. 7odio.d foie o BRACONIDAE 

CC. Antenna with sixteen or fewer segments; costal cell of fore wing present 
though usually very narrow, or rarely completely absent. j ; 
D. Abdomen attached high on the thorax (alitrunk) so that there is quite 

a distance between its base and the bases of the hind coxe. 

E. First abdominal segment cylindrical, set off from the rest of the 
abdomen which is small and oval; anallobe present. p. 949. EVANIIDA 

EE. First abdominal segment gradually enlarged toward the apex, 
not set off from the rest of the abdomen; anal lobe absent. 
F. Hind tibia strongly swollen toward the tip; fore wing can be 


folded Mengthiwises ps 03 One Pent ieee eee GASTERUPTID 
FF. Hind tibia not swollen toward the tip; fore wing can not be 
folded.” “pi. 9206 jas acu ca ecetee eke eke eee ce eect AULACID 


DD. Abdomen attached low on the thorax so that its base is next to those 
of the hind coxe. 
E. Hind margin of hind wing with a deep notch which sets off an 
“anal lobe.” 
F. Body metallic greenish or bluish; abdomen with three or rarely 
four exposed tergites and concave beneath. p. 951. .CHRYSIDIDZ 
FF. Body not greenish or bluish; abdomen with more than four ex- 
posed tergites and convex beneath. 
G. Antenna with ten segments; front tarsus of female usually 


Chelate. Fp 0 7 Secesteres evn oes now a Ee en ee DRYINIDZ 
GG. Antenna with twelve or thirteen segments; front tarsus of 
ueraaeilke: Shame, js TOK. co oo goauvecoounausccoctoc BETHYLID& 


EE. Hind margin of hind wing without a notch. 

F. Hind corner of pronotum not reaching the tegula, separated from 
it by a more or less distinct sclerite, the prepectus; middle tibia 
with one apical spur or rarely none; fore wing with only a single 
distinct vein which is usually forked at the tip; antenna elbowed. 
DS OA VR a eos oe ti A eae Se, Ce ee Eee CHALCIDIDA2 

FF. Hind corner of pronotum reaching the tegula, the prepectus 
absent; middle tibia usually with two apical spurs; antenna usually 
not elbowed. 

G. Abdomen more or less compressed, polished, and most of it 
covered by a single tergite; costal vein absent; cell 2d R; + Ro 
large:i ps OG4Nt Mate es oh hes ONTO pee ener en etn CYNIPIDZE 
G. Abdomen cylindrical or depressed; costal vein present or cell 
2d Ri + R2 small or absent. (Proctotrupoidea) 

H. First segment of hind tarsus one fourth as long as the second; 
second to fourth abdominal segments of female each as long 
as the head and thorax together; abdomen of male shorter 
and clavate; large species. p. 932............. PELECINID 

HH. First segment of hind tarsus longer than the second; 
second to fourth segments of abdomen not exceedingly long; 
mostly very small species. (other families of Proctotrupoidea) 
See other key at II on page 909. 


*A complete key to the Clistogastra including the uncommon and aberrant 
forms will be found on page 908. 
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BB. Antenna with thirteen or fewer segments; hind wing with closed cells; 
legs each with a single trochanter (aculeate or stinging Hymenoptera). 
C. Hind corner of pronotum not in the form of a rounded lobe and always 

extending back to touch the tegula (Fig. 1195, A). 

D. An erect scale or one or two knot-like swellings on the stalk between 
the main body of the abdomen and the thorax (alitrunk); front wing 
Wrmuelavoyiae vdethm IME) 3 da (EkaWS es Sols Wyle coh esate ao occadoe FORMICID 

DD. No scale or node between the abdomen and the thorax; front wing 
with vein Ms; antenna usually with twelve segments in the female and 
thirteen in the male. 

E. Cell M, of fore wing longer than cell Cu + Cu, (Fig. 1182); wings 


can usually be folded lengthwise. p. 965................. VESPIDE 
a oe a of fore wing shorter than cell Cu + Cu; wings can not 
e folded. 


F. Mesopleurum divided by a transverse groove into an upper and a 
lower half; legs unusually long, the hind femur reaching approxi- 
mately to the tip of the abdomen. p. 950........... POMPILIDA 

FF. Mesopleurum not divided by a transverse groove; legs shorter. 
G. Hind cox widely separated by the broad plate-like metaster- 

num which overlaps their bases; apical part of wing membrane 
with fine parallel ridges; eye margin strongly notched opposite 
CHEFAN LENS MON OSA 4 seccs ye cpitaie tach ee eeeepee Mercere ans SCOLIIDA 
GG. Hind coxe not widely separated and not overlapped at the base. 
H. Antenna with twelve segments (females). p. 953. TIPHIIDA 
HH. Antenna with thirteen segments (males). 
I. Abdomen without any or with two visible terminal spines. 
TO 5 Serene ets ak ee Se tae ine Se ae eee es MUTILLIDA 
II. Abdomen with a single upcurved terminal spine. p. 953. 
Se RIE hes apres tte ead x cee ign eh Rar ere ogee ethos TIPHIUD 
CC. Hind corner of pronotum in the form of a rounded lobe and not touching 
the tegula (Fig. 1195, B). If the thorax is so hairy that the pronotum is 
invisible, the specimen is a bee and belongs here. 
D. First segment of hind tarsus not dilated; hairs not plumose; abdomen 


ave oreimollengen, Tota yl lame ans ae cree eke OMA Oe rien ere ae SPHECID 
DD. First segment of hind tarsus enlarged and flattened; some of the 

hairs plumose, especially those on top of the thorax . . . (bees). 

E. Hind tibia without apical spurs . . . (honey-bee). p. 1005. APID 


EE. Hind tibia with apical spurs. 

F. Cell below the stigma of fore wing with a hair-like line extending 
downward from the base of the stigma; anal lobe absent; hind 
tibia of females and workers with a corbicula except in Psithyrus ... 
(btniblebees) Pipex 100K eh sethes ot mtd ee wletdins ere BOMBID 

FF. Cell below the stigma of fore wing without a hair-like line or the 
hind wing with an anal lobe; hind tibia without a corbicula. 

G. Tongue short, its apex divided (bifid). p. 993. ...PROSOPIDA 
GG. Tongue long or short but its apex never divided and fre- 
quently pointed. 
H. Front wing with three cells beneath the stigma and the cell 

Devoncdeshe.sticiiaa  OOSmac aes seeiares er: ANDRENID 

HH. Front wing with two cells beneath the stigma and the cell 
beyond the stigma. 

I. Labrum not large and free, usually entirely concealed by 
the clypeus, if visible then strongly inflexed; most females 
with a ventral abdominal pollen-collecting brush; pygidial 
Chace) Gloweine, 0p, COWL asawie > SUeRwolCS cue MEGACHILIDA 

II. Labrum large, free, and uncovered; female without a 
ventral abdominal pollen-collecting brush; pygidial area 
WStially PLESCME DOO Sno eae tery eae ae ANDRENIDA 

AA. Wings absent or reduced so that they are useless for flight and the normal 
venation is disturbed. 
B. An erect scale or one or two knot-like swellings on the stalk between the 
main body of the abdomen and the thorax (alitrunk); antenna elbowed ... 
Cinics) ae OS Aare nye atin aunts aie als leet Fal ses tos eae 3 ForMICID 
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BB. No scale or nodes between the abdomen and thorax. i 
C. Pronotum not movable, fused with the rest of the thorax; very hairy 
ant-like insects, usually red and black. p.953.........----. MUTILLIDA 
CC. Pronotum movable, jointed to the rest of the thorax; less hairy insects. 
D. Antenna elbowed; hind corner of pronotum not reaching the tegula, 
separated from it by a special sclerite, the prepectus. p.941.CHALCIDID 
DD. Antenna not elbowed; hind corner of pronotum reaching the tegula. 
E. Second and third abdominal sternites membranous, in dried spect- 
mens with a longitudinal fold; ovipositor always exposed beyond the 
iio), Che Wales, BoxaloyonlSa, js C2 ok canugeoengsosgooes ICHNEUMONIDA 
EE. Second and third abdominal sternites sclerotized, without a longt- 
tudinal fold; ovipositor usually retracted into the abdomen. 
F. Front tarsus chelate; antenna with ten segments. p.978. DRYINIDZ 
FF. Front tarsus normal. 
G. Abdomen compressed, covered mostly by a single tergite. p. 934 
Sea ER Be Gi ee TE eee are CYNIPIDZ& 
GG. Abdomen depressed or cylindrical. 
H. Head elongate with the antenna inserted close to the anterior 


end.) Di O65 ah seminars Pee, eee BETHYLID 
HH. Head of normal shape, not elongate; antenna with twelve 
Segments: pr1953 venenatis eee TIPHIUD 


SUBORDER CHALASTOGASTRA or SYMPHYTA* 
The Sawflies and Horn-tazls 


This suborder includes the more generalized members of the 
Hymenoptera, those in which the form of the body is less modified 
and the venation of the wings less reduced than is the case with other 
members of the order. 

The basal segments of the abdomen are similar in form and the 
abdomen is broadly joined to the thorax as in the more generalized 
orders of insects. The first abdominal segment is not closely anchy- 
losed to the thorax, forming a propodeum, as is the case in the Clisto- 
gastra, and its tergum is usually longitudinally divided on its middle 
line. 

The adult forms of the Chalastogastra have never developed the 
highly specialized habits and instincts exhibited by many members 
of the suborder Clistogastra, especially by the wasps, ants and bees. 
There are no parasitic forms in this suborder except in the single 
genus Oryssus, p. 907. 

There are no wingless forms of the Chalastogastra. In the more 
generalized members of the suborder nearly all of the wing-veins are 
preserved, although the courses of the branches of the forked veins 
have been greatly modified, as indicated on an earlier page, and as is 
shown in the figures of wings given later. 

The ovipositor of the females is well developed and complicated 
in structure. It is fitted for making incisions in the leaves or stems 
of plants and is more or less saw-like in form. It is this fact that 


*The name Chalastogastra is the one most commonly applied to this sub- 
order and for that reason is used in this work; but some authors use Symphyta, 
which is really the older name. The etymology of these names is as follows:— 

Chalastogastra; chalastos (xahaorés), loose; gastros (yaorpés), the belly. 

Symphyta: sym (obv), with; phyton (purdév), plant. 
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suggested the common name sawflies which is applied to members of 
this order. 

The ovipositor and its sheath consists of three pairs of appendages 
or gonapophyses; one pair arising from the sternum of the eighth 
abdominal segment and two pairs from the sternum of the ninth 
abdominal segment. The outer pair of the ninth abdominal segment 
constitute the sheath of the ovipositor, so called because when the 
ovipositor is not in use it is enclosed between the two members of 
this pair of gonapophyses. The ovipositor is a double organ, con- 
sisting of two similar blades situated side by side. Each blade con- 
sists of two gonapophyses, an upper or posterior one, known as the 
support or lance, and a lower or anterior one, the so-called saw or 
lancet. The supports are the inner gonapophyses of the ninth ab- 
dominal segment, and the saws are the gonapophyses of the eighth 
abdominal segment. 

Although each of the saws 
is closely joined to its support 
it can be moved backward and 
forward along it. Figure 1132 
represents one of the blades of 
the ovipositor of Cimbex amer- 
icana. 

The ovipositor of this saw- 
; 65 Poe fly is fitted for cutting slits in 
Fig. 1132.—Blade of ovipositor of Cimbex Jeaves in which the eggs are de- 

americana; a, support; 0, lancet. posited. In those members of 

this suborder that deposit their 

eggs in the stems of plants or the trunks of trees, as the Siricide, the 

ovipositor is slender and long. After a slit has been cut or a hole 

drilled in the trunk of a tree, as the case may be, an egg is forced down 
between the blades of the ovipositor to the nidus prepared for it. 

The larvee of the Chalastogastra are all plant-feeders. With the 
exception of those that are leaf-miners they are caterpillar-like in form. 
Prolegs are present in the Xyelide, Cimbicide, Tenthredinide and 
Argidz; but these are not provided with hooks as are the prolegs of 
caterpillars. 

A striking feature of the larve of this suborder is the possession 
of a pair of ocelli, one on each side, which in their position and in 
their structure agree with the ocelli of adult insects, that is, they are 
primary ocelli. This characteristic distinguishes these larve from 
the larvee of Lepidoptera, which have only adaptive ocelli, usually 
several on each side (see page 136). 

A classification of the larvee of this suborder was published by 
Yuasa (22), 
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Famity XYELID/® 
The Xyelid Sawflies 


The members of this family can be recognized by the form of the 
antenne and the venation of the wings. The basal segments of the 


Fig. 1133.— 
Antenna 
of Macro- 
xyela dis- 
tincta. 


flagellum are consolidated, thus forming what appears 
to be a very long third segment of the antenna and the 
remaining segments of the flagellum are small (Fig. 
1133). Except in Neoxyéla albérta, a species recently 
described from Banff, Alberta, the members of this 
family differ from all other Hymenoptera in that the 
free part of vein Re of the fore wings is present (Fig. 
1134). 

The posterior margin of the pronotum is straight or 
nearly so. The mesonotum is short and never extends 
much beyond the anterior margins of the tegule. The 
anterior tibiae are armed with two apical spurs. In 
some species the ovipositor is very long, in others it is 
of moderate length. 

The described larve feed on the foliage of hickory, 
butternut, pecan, elm, and the staminate flowers of 
pine. Inthe larve each of the ten abdominal segments 
bears a pair of prolegs, although in some species those 
CA first and ninth segments are smaller than the 
others. 


Fig. 1134.—Wings of Macroxvela. The 
cells are lettered, k 
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Famity PAMPHILIID 
The Web-spinning and the Leaf-rolling Sawflies 


The common names given above were suggested by the fact that 
the larve of some species build nests by tying the leaves of their 
food plants together with a web of silk, and others build nests by 
rolling the edge of a leaf and live inside the tube so formed. The larvee 
of some species are gregarious. The larvee of members of this family 
have long, seven-jointed antenne, well-developed thoracic legs, but 
lack abdominal prolegs. 


In the fore wings of the adult (Fig. 1135) vein Sc is preserved as 
a distinct vein; the free part of vein Re is wanting; and vein Cuz is 
usually preserved, at least as a short spur. In the hind wings vein Sc 
is more or less distinctly preserved. 


The body of the adult is robust. The posterior margin of the 
pronotum is straight or nearly so. The mesonotum is short and 
never extends much beyond the anterior margins of the tegula. The 
anterior tibiz are armed with two apical spurs. The ovipositor of 
the female is short. 


More than fifty species have been described from America north of 
Mexico; but the larve of only a few of these are known; among these 
are the following. 


The plum web-spinning sawfly, Neurdtoma incons picua.—The lar- 
vee of this species feed on the foliage of plum and cherry; they are 
gregarious and form unsightly nests by spinning webs over the 
leaves; frequently these webs cover an entire tree. The injury is done 
in early summer. When full-grown the larve find their way to the 
ground, where they pass the remainder of the summer and winter in 
earthen cells, they transform to pupe in the spring, and the adults 
emerge in Mayor June. This pest is controlled by spraying or dusting 
the infested trees, with lead arsenate. 


The peach sawfly, Pamphilius pérsicus.—This pest of the peach 
is one of the leaf-rolling species. The adults emerge from the ground 
late in May or early in June and lay their eggs on the leaves; the 
eggs soon hatch; each larva cuts a slit in a leaf and then rolls over a 
portion of the leaf, making a case within which it stays during the 
daytime, feeding chiefly at night. There is a single generation a year. 
The larva passes the winter in the ground. The same method of 
control is used.as with the preceding species. 
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Fig. 1135.—Wings of Pamphilus. The veins are lettered. 


Famity SIRICIDAE 


The Horn-tails 


The common name horn-tails is applied to members of this 
family because the last abdominal segment bears a more or less 
horn-like prolongation. This is short and triangular in the males, and 


Fig. 1136.—Tremex columba. 


is a prolongation of the last ven- 
tral segment; in the females it is 
long and often spear-shaped, and is 
a prolongation of the last dorsal 
segment. 

The body is cylindrical (Fig. 
1136); the head large and widened 
behind the eyes; the pronotum is 
right-angled, so that it presents both 
a strictly dorsal and a cephalic as- 
pect, the latter concave; vein Sc; of 
the front wings is absent (Fig. 1137); 
the propodeum is divided longitu- 
dinally; the anterior tibiae each with 
only one apical spur; the sheath of 


the ovipositor is very long and exserted beyond the end of the ab- 
domen; the ovipositor is fitted for boring. 
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The Siricide is a small family; only about fifty species represent- 
ing five genera are known. The North American species, of which 
there are twenty, have been monographed by Bradley (’13). 

The larve bore in the trunks of trees; our best-known species is 
the following one. 

The pigeon horn-tail, Trémex coltimba.—The larva of this species 
infests maple, elm, apple, pear, beech, oak, and sycamore. The female 
(Fig. 1136) in order to oviposit pierces the wood of a tree to the depth 
of ro to 12 mm; the eggs are laid singly; sometimes her ovipositor 
gets wedged in the wood and holds her a prisoner until she dies. 
The larva is cylindrical and attains a length of 4omm. It transforms 
within its burrow, in a cocoon made of silk and fine chips. 


C+ Sc~ Sco 


The adults of this species vary in color and marking; based on 
these variations, three fairly distinct races have been recognized, 
which to a considerable extent are geographical, although their 
ranges overlap. In the typical form, race columba, the abdomen is 
black, with ochre-yellow bands and spots along the sides; this is the 
common form in Quebec, Ontario, and the northeastern United States. 
In the race aureus the ground color of the abdomen is yellow and the 
markings black; this is the common form in the Rocky Mountains 
and is found on the Pacific Coast. In the race sericeus the entire 
body is fulvous, the legs beyond the femora yellow, and the wings 
dark reddish brown; this race is found in the southeastern United 
States and as far north as Pennsylvania and West to Utah. 


Famity XIPHYDRIIDA 
The Xiphydriid Sawflies 


This family is composed of a small number of species which are 
closely allied to the Siricidee but which differ from them in several 
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important particulars. As with the horn-tails the body is cylindrical 
but the last abominal segment is not terminated by a triangular or 
lanceolate process. The back of the head is separated from the pro- 
notum by an elongate neck; the pronotum is very short medially 
and not angulate laterally; vein Sci is present in the front wings as 
a transverse vein (Fig. 1138) and the sheath of the ovipositor is seldom 
longer than the last tergite. 


Fig. 1138.—Wings of Xiphydria maculata. (From MacGillivray.) 


The members of this family are of moderate size. Less thana dozen 
species have been described from North America. 

The known larve bore in dead and decaying wood of deciduous 
trees. 


Famity CEPHIDA 
The Stem Sawflies 


' The stem sawflies are so-called because the larve bore into the 
stems of plants or in the tender shoots of trees and shrubs. The adults 
are slender, elongate insects of moderate size. The pronotum is 
more or less quadrate and longer than is usual in the Hymenoptera. 
The front wings are without a distinct cell between the costa and 
vein Sc+R-+M, and with cross-vein m-cu joined to vein M at or 
near its separation from vein R (Fig. 1139). The anterior tibic are 
armed with one terminal spur. 

This family is of moderate size; less than a score of species have 
been found in our fauna; but these represent nine genera. Some of 
the species are of economic importance. Several species bore in the 


stems of grains and grasses, the following species illustrate the habits 
of these. 
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The wheat-sawfly-borer, Céphus pygmeus.—The larve of this 
species bore in the stems of wheat, a single larva in a stem, dwarfing 
and stunting the growth of the plant. As the grain becomes ripe the 
larva works its way toward the ground; and at the time of harvest 
the greater number of them have penetrated the root. Here, in the 
lowest part of the cavity of the straw, they make preparations for 
passing the winter, and even for their escape from the straw, as adults, 
the following year. This is done by cutting the straw circularly on 
the inside, nearly severing it a short distance from the ground, so 
that a strong wind will cause it to break off at this point. After the 
circular cut has been made, the larva fills the cavity of the straw just 
below it for a short distance with a plug of borings. Between this 


Fig. 1139.—Wings of Cephus pygmaeus. The cells are lettered. (From Mac- 
Gillivray.) 


plug and the lower end of the cavity, the wall of the cavity is lined 
with silk forming a cocoon within which the larva passes the winter 
and changes to a pupain March or April. The adult insects emerge 
early in May. 

The currant-stem girdler, /anus integer.—The larva of this species 
bores in the upper portion of the canes of currant. Its presence is 
indicated by the wilting and drooping, in late spring, of the new 
growth at the tip of the infested cane. This is due to the fact that 
the parent sawfly after depositing her egg in the cane moves up a 
short distance above where the egg is deposited and with her ovipositor 
girdles the cane, sometimes nearly severing it. This killing of the 
tip, and thus checking the growth of the cane, seems to be necessary 
for the development of the egg and larva. The larva bores in the 
pith of the cane. In the fall it eats a hole through the woody wall 
of the cane to the outer bark, thus making provision for the escape 
of the adult, and then spins a cocoon in which it hibernates. The 
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change to the pupa state takes place in April and the adult emerges 
in May. The obvious method of control of this pest is to remove 
and burn the infested portion of the canes while the larve are in them. 


Famity CIMBICIDAi 
The Cimbicid Sawflies 


This is a small family, which is represented in our fauna by a 
few genera and a limited number of species. In this family the body 
is stout and often very large; 
there are distinct pleural scler- 
ites in the abdomen (Fig. 1140) 
and the antennz are clavate. 
The anterior tibia and meta- 
tarsi bear ribbon-shaped or 
spatulate hairs; the pulvilliare 
large, broadly sessile on the 
last tarsal segment, and are 
Fig. 1140.—Cimbex americana. Abdomen wot retractile. ‘The sheath of 

except first segment: 7, 8, 9, pleurites; the ovipositor extends but lit- 

Ti te tergitess5, 15, 0s, Sternitess Gh, ; 

cercus; sp, spiracle. (After Snodgrass.) tle if at all beyond the end of 
the abdomen. 


The body of the larve is cylindrical, stout, and covered with a 
waxy bloom when living; the thoracic legs are well-developed and 
five-jointed; and the abdomen bears eight pairs of prolegs. Thelar- 
vee live free upon foliage upon which they feed. 

The American sawfly, Cimbex americana.—This is the largest of 
ourcommon sawflies. Thefemaleisabout 18mm. inlength and has a 
black head and thorax, a steel-blue or purplish abdomen, with four yel- 
lowish spots on each side, smoky brown wings, and black legs, while her 
feet and short, knobbed antennz are pale yellow. The male is longer 
and slenderer and differs somewhat in color. Several varieties of this 
species, differing in color, have been described. The eggs are laid in 
June in crescent-shaped slits made in leaves. The food plants are elm, 
birch, linden, and willow. The larva is greenish yellow, with black 
spiracles and a black stripe down its back. When disturbed it spurts 
forth a fluid from glands just above the spiracles. It clings to the 
upper surface of a leaf and feeds on the edge of the leaf. When not 
feeding it rests on one side with the body curled up in a spiral form. 
There is but one generation each year. When the larva is full-grown 
it burrows in the ground, makes an oval, brownish cocoon, and there 
spends the winter, not changing to a pupa until spring. The adults 
appear in May or June. 


Famity TENTHREDINIDA 
The Typical Sawflies 


This is a very large family, including more than seven-eighths of 
all of the members of the suborder Chalastogastra. To this family 
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belong all of the Chalastogastra in which the radial cross-vein of the 
fore Wings is opposite cell Ry, or cell Rs, or is wanting, except the 
small family Cimbicide. The typical sawflies differ from the Cimbi- 
cide in lacking pleural sclerites in the abdomen and in that the 
antenne are not clavate. The anterior tibie and tarsi do not bear 
ribbon-shaped or spatulate hairs, as in the Cimbicidz; and the pulvilli 
are inserted on the end of the last tarsal segment and are retractile, 
like the finger of a glove. The sheath of the ovipositor extends but 
little if at all beyond the end of the abdomen. 


The larve are caterpillar-like; the thoracic legs are always present 
and are usually well developed, but are vestigial in some species. 
Prolegs are usually present; these are borne on abdominal segments 
2-7 and 10 or 2-8 and to, rarely the prolegs are vestigial. Thelarve 
of the different species differ 
greatly in size, varying from 
10-40 mm. in length. 

The larve of the majori- 
ty of the species live free on 
the foliage of plants, upon 
which they feed (Fig. 1141). 
The plants infested by the 
different species include 
trees, both deciduous and 
conifers, shrubs, herbs, 
grasses, andferns. The lar- 
vee of some species are leaf- 
miners; others fold the 
edges of leaves; some make 
galls on leaves, especially of 
willow and poplar; others 
make galls in the stems of 
these plants; and one spe- 
cies, Caulocadmpa acericau- 
lis, bores in the petioles of 
maple leaves. Among the 
species that have attracted 
attention on account of their 
economicimportancearethe _ , ; 
following. Fig. 1141.—The locust saw-fly, Pteronidea 

: trilineata: a, egg; b, young larva; c, full- 

The imported currant- grown larva; d, anal segment of full-grown 

worm, Pteronidea ribést.— larva; e, cocoon; f, adult. 

This is the commonest and 

best-known of the garden pests. The adult sawflies appear early in 
the spring and the females lay their eggs in rows along the principal 
veins on the underside of the leaves of currants and gooseberries. 
The eggs are glued to the leaf-veins and not inserted in slits, as is 
usually the case with sawflies, and they increase considerably in size 
before hatching. They hatch in a week or ten days; and the larvee 
begin at once to feed upon the leaves. Often by the time the larvee 
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become full-grown the infested bush is completely stripped. of its 
foliage. The larve.are at first whitish, as they increase in size the 
color changes to green; after the first molt the body becomes covered 
with many black spots and the head is black; at the last molt they 
lose their black spots and assume a uniform green color tinged with 
yellow at the ends. When full-grown the larve descend to the 
ground and spin their cocoons, either just below the surface of the 
ground or beneath rubbish; sometimes the cocoons are attached to 
the stems or leaves some distance from the ground. A second genera- 
tion of the sawflies appears late in June or early in July; and some- 
times a third generation is developed; this makes it necessary to fight 
this pest throughout thespringand summer. The larvecan be easily 
destroyed in the spring by spraying the bushes with Paris green or 
with arsenate of lead; later when the fruit is near maturity fresh 
hellebore should be used at the rate of four ounces in two or three 
gallons of water, or as a dry application, one pound in five pounds of 
flour or air-slacked lime. 

The pear-slug, Caliroa cérast.—This is a well-known pest of pear, 
cherry, and plum. It causes the leaves of the infested tree to turn 
brown. When such leaves are examined it is found that the injury 
is due to small, slimy, slug-like larvee, which have eaten off the upper 
surface of the leaves, leaving the skeleton of veins and the lower 
epidermis to turn brown, wither and fall; sometimes trees are entirely 
defoliated in this way by midsummer. When full-grown the larve 
descend and burrow into the ground a short distance, where each 
constructs an earthen cell in which it transforms. A second genera- 
tion of the sawflies appear and lay their eggs about three weeks later. 
The larve can be destroyed by the use of arsenate of lead spray or 
by dusting the leaves with freshly slaked lime. 

The rose-slug, Cladius is6merus.—Often in the summer our rose- 
gardenslook as if fire had swept over them, so scorched and brown 
are the leaves. The cause of this apparent conflagration is a trans- 
parent jelly-like slug, greenish above and yellowish below, which eats 
the upper surface of the leaves, leaving patches of the lower surface 
and the veins. These slugs usually feed by night and remain hidden 
on the lower surface of the leaves by day. When ready to pupate they 
crawl down or drop to the ground and burrow beneath the surface; 
here each makes a little cell and then transforms. The adult fly is 
shining black with smoky wings and with the fore and middle legs 
grayish or dirty-white. The female is 5 to 6 mm. in length. There 
are two broods a year, one in June and one in August. The last 
brood passes the winter in the ground. This pest can be destroyed 
with a solution of whale-oil soap, or with kerosene emulsion. 


Famity ARGIDA 
The Argid Saw-flies 
This family has been recently separated from the Tenthredinide,. 
from which it is distinguished by the absence of a post-tergite. This. 


is a distinct apical plate borne by the scutellum, which is present in 
all of the Tenthredinide and absent in this family. 
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The family Argidz consists chiefly of tropical insects, but a few 
representatives of the family are found in this country. Among these 
are two species of Sterictiphora, the larvee of which occasionally infest 
sweet potatoes to an injurious extent. 


FamMIty ORYSSIDAE 
The Oryssids 


In former editions of this book the oryssids were given the rank 
of a suborder, Idiogastra. The adults resemble those of the Chalas- 
togastra in the shape of the abdomen but the form and habits of the 
larvee are those characteristic of the Clistogastra. However, there 
does not seem to be sufficient justification for giving the family the 
rank of a suborder and it has therefore been referred back to 
the suborder Chalastogastra in which it was originally placed. In 
sequence of relationships the family should probably precede the 
Cimbicidee and Tenthredinide and stand in closer relation to the 
Cephide. The Oryssidze is a small family of rare insects, only 
a single species of larva being 
known in this country. 

In the shape of the body (Fig. 
1142, A) the members of this 
family strongly resemble the Siri- 
cide. They are easily distin- 
guished from all of the other 
Chalastogastra by the anomalous 
position of the antennz, which are 
inserted far below the eyes, 1m- 
mediately above the mandibles, 
under a transverse ridge (Fig. 
1142, B); by the more reduced 
venation of the wings; and by 
the remarkable form of the ovi- 
positor. 

In the fore wings (Fig. 1143) 
the transverse part of vein Me is 
wanting; and in the hind wings 
R, is wanting; therefore, there 
are no closed ere 
in the hind wings. Thiscombina- ,,. ay i Lab 
tion of characters distinguishes Ginrere Big ceed ae enc gaara 
the Orysside from all of the Chal- Sharp.) 
astogastra. In the Orysside the 
first anal cell of the fore wings is preserved, in which respect the 
members of this family differ from all of the Clistogastra. 
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In the form of the ovipositor and in its position when at rest the 


Fig. 1143.—Wings of Oryssus abietinus. (From MacGillivray.) 


Orysside differ from all other Hymenoptera. The following account 
of this organ is that of Rohwer and Cushman (17). 


Lying below and on each side of the eighth tergite in the female is a large 
heavily chitinized plate, the two together forming ventrally a channel for the re- 


ception of the ovi- 
positor, and each 
bearing atits tip a 
small triangular ap- 
pendage. These 
plates apparently 
represent the fused 
ninth and tenth ter- 
gites which arelon- 
gitudinally divided 
dorsally (Fig. 1144, 
gT and 1oT), and 
the appendages are 
apparently the cer- 
ci (Fig. 1144, c); the 
eighth sternite is in- 
ternal and lies 
above and some- 
what behind the 
ninth, and is rep- 
resented by two 
triangular plates, 
fromthe upper 
angle of which or- 
iginate the lancets 
(first gonopophy- 
ses) (Fig. 1145, /t); 


Fig. 1144.—Lateral aspect of abdomen of 
the female of Oryssus. (After Rohwer 
and Cushman.) 


pee (oS 


Yi 
78 


V\- 


Fig. 1145.—Details of the ovipositor of Oryssus: 9 T, 10 T, 
ninth and tenth tergites; 8 S, eighth sternite; 9 S, ninth 
sternite; /t, lancet; /, lance; sh, sheath; 0, ovipositor; c, 
cerci. (After Rohwer and Cushman.) 


the ninth sternite is also internal, lying below and in front of the eighth 
and represented by two more or less triangular plates which extend postero- 
ventral; the lance (second gonopophyses) originates from the inner ends of these 
plates and becomes fused a short distance cephalad of its origin (Fig. 1145, 2); 
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the two parts of the sheath (third gonopophyses) arise from the apices (Fig. 
1145, Sh). Shortly cephalad of the origin of the lance and lancets the latter en- 
ter the groove of the former, the complete ovipositor as thus formed extending 
cephalad in an inverted position enclosed within a membranous sac, probably in- 
vaginated intersegmental skin, into the mesothorax, where it is coiled, and re- 
turning upon itself continues caudad in its normal position and enters the base of 
the sheath (Fig. 1145). 

The Orysside is a widely distributed family, members of it having 
been found in all of the major geographical regions of the world. But 
it is a small family, including only a few genera and 
species. <A single genus, Oryssus, is found in North 
America, of which about a dozen species have been 
described from this region. 

The adults are very active and are found run- 
ning over the trunks of trees and on timber. The 
larvee were formerly supposed to be borers in the 
trunks of trees; but it has been shown by Burke 
(17) that they are parasitic on the larvee of Buprestis 
and probably on other wood-boring larve. 

The larva of only a single species, Oryssus occi- 
déntalis, is known. ‘This is white, subcylindrical, 
about one-third as thick as long, and legless; but the 
positions of the legs are indicated by chitinized disks. 
The mouth-parts are very simple, the labrum, la- 
bium, and maxilla being merely fleshy lobes, but 


the mandibles are heavily chitinized; the antennz Fig. i146 
are tubercle-like and set at the summits of rounded Pupa of Orys- 
elevations. sus, female. 
In the pupa of the female (Fig. 1146) the termi- (After Roh- 
: : : ; wer and Cush- 

nal portion of the ovipositor is external and ex- man.) 


tends over the back the entire length of the body. 
Referring to this, Rohwer and Cushman (’17) state as follows: 


The reason for the formation in the pupa of the long external ovipositor is in- 
explicable, and its reduction to the form existing in the adult is equally inex- 
plicable. This is rendered all the more difficult to understand by the fact that in 
the prepupa the ovipositor is coiled as it is in the adult, while in the pupa it forms a 
simple loop in the thorax. 


SUBORDER CLISTOGASTRA or APOCRITA* 


Parasitic Hymenoptera, ants, wasps and bees 


This most striking characteristic of this suborder is the fact that 
what appears to be the first abdominal segment, but which is really 
the second, is greatly constricted forming a slender petiole or waist 
between the larger portion of the abdomen and the alitrunk or wing- 
bearing region of the body (Fig. 1147). 

*The name Clistogastra is the one most commonly applied to this suborder 
and for that reason is used in this work; but some authors use Apocrita, which is 
really the older name. The etymology of these names is as follows: Clistogastra: 
clistos (xderés), closed; gaster (yasrnp), the belly. Apocrita: apocritos 
(aréxptros), separated; apo (a7), from, crino (kpivw), to separate, 
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In this suborder the intermediate region of the body is not merely 
the thorax but includes also the first abdominal segment, only the 
tergum of which is preserved in the adult. This 


is known as the median segment, or the propodeum 
and can be identified by its spiracles, the third 
pair of this region of the body. It should be re- 


Fig. 11 ip membered that the thorax bears only two pairs 

of spiracles (see page 115). From the above it 

follows that what appears to be the first abdominal segment in the 
Clistogastra, and which is usually so-called, is really the second. 

In the Clistogastra the ovipositor and its sheath are composed of 
the same morphological elements as are those of the sawflies described 
on an earlier page; but these parts differ greatly in form in different 
members of this suborder. In some the ovipositor is a boring instru- 
ment by means of which deep holes are made into trees and eggs 
placed in these holes; in others it is used for thrusting the eggs into 
the bodies of other insects; and in still others it is modified so as to 
form a sting with which poison glands are connected. 


AN INCLUSIVE TABLE OF FAMILIES OF THE CLISTOGASTRA 
FOR ADVANCED STUDENTS 


By Dr. J. C. Bradley 


A. With well-developed wings. 
B. Hind wings without an anal lobe.* 
C. No erect scale or node between the gaster and the propodeum. 
D. The costal cell of the fore wings eliminated by the coalescence of the 
costal and subcostal veins, except in the case of two or three rare genera. 
- ae venter is membranous and has in dried specimens a longitudinal 
old. 
E. The transverse part of vein Mo» of the fore wings wanting, causing 
the union of cells M; and 1st M2 (Fig. 1148). 
F. The abdomen not very long and slender and strongly com- 
pressed.” Ps O19 eee te ey ee ee ee ne oe BRACONID 
FF. The abdomen very long, slender, and strongly compressed. 
(The genus Hymenopharsalia) p. 922.............1CHNEUMONID& 
EE. Cells M; and 1st M2 separated by the transverse part of vein Mz 
CHISTES), 1510.22 ee pe rea eee ea ne ICHNEUMONID 
DD. The costal cell of the fore wings present. The venter chitinized. 
E. Abdomen borne on the dorsal surface of the propodeum far above 
the hind coxe. 
F. The transverse part of vein M2 present in the front wings, which 
have at least two closed submarginal cells. p. 929. ..... AULACIDA 
FF. The transverse part of vein M2 wanting in the front wings, 
which do not have two closed submarginal cells. p.930......... 
hiv? eh. Bc See Ee re GASTERUPTIIDA 
EE. Abdomen borne between the hind coxe, or on the end of the pro- 
podeum slightly above them. 
F. The transverse part of vein M present and situated close to the 
stigma. 


*In the hind wings of the insects belonging under this category neither the 
second anal furrow nor the axillary excision is present, but there is sometimes 
present a weak preaxillary excision, more rarely (some genera of Braconide) 
a pronounced notch, but never forming a deep slit. See also footnote on page 911. 
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G, Antenne in both sexes of more than fifteen segments; tro- 
chanters clearly two-segmented. 
H. Two or three closed submarginal cells in the forewings. p. 929 
Se eerhs. = LAMP eee TNT Aone Mats ia crayons uf 3 TRIGONALIDAE 
HH. Only one closed submarginal cell in the forewings. p. 919 
0-1 EAU RS 50 Sh clo ARaPROR Soe: Onc See Ot Ment tral ae fk een oe STEPHANIDAS 
GG. Antennz of thirteen segments in the male and twelve in the 
female; trochanters one-segmented. 
H. Pronotum without posterior lobes (see Fig. 1195) its lateral 
extensions reaching the tegule. 
I. Cell My of the forewings shorter than cell Cu + Cu or 


ADSeme OMciulltce) ees O53 ke wise Aas MUTILLIDA 
II. Cell Mz of the forewings present and longer than cell Cu + 
Cup (Bie S182) (Viespines)) pnOO5.062..025 4040 VESPIDA 


HH. Pronotum with posterior lobes terminating at a distance 
from the tegule (Fig. 1195). (This distance is short in the 
Ampulicine.) 

I. Abdomen of male with only six exposed segments, the 
fourth and following scarcely exposed; that of the female 
with compressed apex. Prothorax elongate, usually with a 
median longitudinal groove. Nude insects, often brilliantly 
metallic s(Amptlicince.)) Pi07Sa~ nares. ©. ate AMPULICID2 

II. Abdomen of male with seven exposed segments; that of 
the female not compressed at apex. Prothorax short with- 
out median longitudinal groove. Usually hairy insects, 
some of the hairs plumose. (A few genera in the various 
families of bees. Pass to EE on page 914.) 

FF. The transverse part of vein M situated about two-thirds of the 
way from the wing base to the end of the costal cell (C + Sci) 
or wanting. 

G. Wings not longitudinally plaited in repose. Ovipositor not 
carried along the mid-dorsal line. 

H. The pronotum laterally reaching the tegula. No prepectus 
present. 

I. Hind metatarsi one-fourth the length of the following 
segment. Large insects; the abdomen of the female filiform 
and several times the length of the head and thorax together; 
that of the male shorter and clavate. p.932....PELECINIDZ 

II. Hind metatarsi at least as long as the following segment. 
J. Mandibles in a reversed position, their apices directed 

outwardly, away from the mouth-opening. p.93I1...... 

SPRY a ACU OA a Rc aie ener oes ae VANHORNUD 

JJ. Mandibles in a normal position. 

K. Cells Cu + Cu. and Ms; of the forewings fully en- 
closed and separated from each other by perfect veins. 
L. Cell My, of the forewings triangular; antennee com- 

posed of sixteen segments. p.931........ HELORIDA 
LL. Cell Ms, of the forewings irregularly six-sided; 

antenne composed of fourteen segments. p. 931.... 

2 cnetereanabn beens demonic apa eRe WROD DIS ORE IO ROPRONUIIDA 

KK. Cells Cu + Cu; and M; partly enclosed by brown 
lines, or altogether wanting. Claws not pectinate. 
L. Abdomen sharply margined by a carina along the 

sides; antennz arising near the clypeus. 

M. Antenne of never more than ten segments, 
rarely with only eight or nine. Front wings with- 
out vein C or “stigmal’’ vein (Sc, + Ri), often 
without any venation. p. 933....PLATYGASTERID& 

MM. Antennz usually of twelve segments, more 
rarely of eleven segments, or if of seven or eight 
segments the club is unsegmented. p. 933.-..-.- 

SCELIONIDA 
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LL. Abdomen immargined laterally (acute in Tele- 
nomine but without a carina). 
M. Forewings with a distinct stigma. ; 

N. A closed, usually very short, marginal cell 
(2d Ri+ Re) present. Antenne of thirteen 
segments. Abdomen with a short cylindrical 
petiole, the second segment much longer and 
larger than the others. p. 931..PROCTOTRUPID& 

NN. No closed marginal cell (2d Ri + Re) but the 
basal part of the marginal vein (vein 7) often 
present in the forewings. 

O. Antennz of eleven segments. (Megas- 
joplkiase,)) Po ORAoa-c gst dcesoac CERAPHRONIDAE 
OO. Antenne of twelve or more segments (a 
few genera of Diapriine). p.932...BELYTIDA 


MM. Forewings without a distinct stigma. 

N. Costal cell (C + Se:) either closed along the 
margin, or if open very narrow; the marginal 
cell (2d Ri + Re) if present narrowly triangular, 
its proximal margin a straight line: Abdomen 
not compressed nor dorsally keeled. Hypo- 
pygium of the female not divided, but closely 
applied to the pygidium, the ovipositor issuing 
from between them at the tip of the abdomen. 
O. Hind wings with a closed median cell (M). 

Forewings almost invariably with a closed 
marginal cell (2d Ri + Re). Antenne of four- 
teen or fifteen segments. (Belytinz.) p. 932 
Pca hoa ee es ee = Serene Bites Nees BELYTIDZ 


OO. Hind wings without any closed cells; 
forewings without a closed marginal cell 
(2d Ri + Ry»). 

P. Abdomen margined laterally, the margin 
acute but not sharply carinate. Antenne 
arising from near the clypeus and composed 
of ten to twelve segments. Scutellum 
not divided into three lobes. (Telenomine.) 
1: O33 acta aay ar on eS SCELIONIDA 

PP. Abdomen not at all margined laterally. 
Scutellum divided by two oblique curved 
impressed lines into three lobes. (Calli- 
cerating.) p.932..........CERAPHRONIDAD 


NN. Costal cell (C + Sc:) open along the costal 
margin and abnormally wide. The marginal 
cell (2d Ri + Re) present; often closed; often 
open along the costal margin, sometimes at tip; 
it is always four-sided, acute at apex and at its 
base. Abdomen more or less strongly com- 
pressed and with a mid-dorsal keel, if rarely but 
little compressed and without a keel, it is more or 
less swollen dorsally. Hypopygium of the female 
divided, the ovipositor issuing from the cleft 
thus formed, anterior to the apex of the ab- 
Ghownaveiate, OGRE. Boe WG San gaene goes se CYNIPID 

HH. The pronotum not reaching the tegula, separated there- 
from by a chitinized sclerite, the prepectus. Antenne el- 
bowed, never more than thirteen-segmented. Fore wings with 
a_ short, narrow costal cell open along its anterior margin 
(Fig. 1166); its apex remote from the stigmal vein (Fig. 1166, 
d); a more or less elongate marginal vein (Fig. 1166, 0); 
yostmarginal and a stigmal spur (Fig. 1166, d). An occasional 
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trace of the transverse part of vein M is the only additional 
vein present, there being never any closed cells. p. 941...... 


Seto whe DAE Se EE Se eee Ee SN ee en ee CHALCIDIDA 
CC. An erect scale or one or two nodes between the propodeum and the 
BASU GIDE WO SA eee Ree Mc e-$ 4. cath away tacts SRT. Sask caer 4 ex ht yact ForMICIDa 


Bs as Oe 5 eR, a ee cnet en a aed IN ee EvANUDa 
DD. Abdomen attached normally, at the apex of the propodeum 
between or slightly above the hind coxe. 

E. Antenne composed of ten segments, or if of thirteen in the female 
(Ampulicomorpha) then the pronotum is elongate and has a median 
longitudinal sulcus. 

F. Antenne inserted on a frontal prominence distant from the clyp- 


eus; mouth ventral. Fore tarsi simple. p.951...... EMBOLEMID 
FF. Antenne inserted close to the clypeus. Fore tarsi of the female 
ustaliychelates si AQ Ol. mass seer eeee hol Lomi ake Saccckenu DRYINID& 


EE. Antenne usually composed of thirteen segments, more rarely of 
twelve or eleven segments, or multiarticulate. 

F. Abdomen with six exposed segments or less. Forewings always 
ire cells M and Cu + Cu; closed. Ovipositor an extensile jointed 
tube. 

G. Venter convex; abdomen with six exposed segments. p. 95I.. 
5; Paraben oy & Paya ge reer ae eacNe aS ee irri nace ee CLEPTID 


GG. Venter strongly concave; abdomen with at most five usually 


three or four exposed segments. Brilliantly metallic. p.g51.... 
Rite Bernt ure Jim Ase Sree koe SB. ss hale ean es CHRYSIDIDA 


FF. Abdomen with eight exposed segments, the petiolar segment 

very short and scarcely perceptible. Ovipositor a true sting. p. 965. 

PR acre. PN re ais os The ese corn ious BETHYLID& 

CC. Hind wings with at least a closed median cell (cell M). Males with 

thirteen, females with twelve antennal segments, except in rare instances, 

where they have been reduced slightly below that number in the males, in 

which case they usually either end in a jointed club or the last segments are 

recurved or hooked or otherwise modified. Venation usually well pre- 
served. 


*If there is a very deep or slit-like incision on the margin of the hind wing, the 
insect is certain to come under this heading. There are some genera of Sphecidze 
(of the tribes Larrini, Astatini and the subfamily Sphecinz) in which the axillary 
excision or both axillary and preaxillary excisions are reduced to small and incon- 
spicuous notches, close to one another, and in some cases the axillary excision is 
altogether lacking. But in all such cases the second anal furrow is distinct, its 
apex Close to that of the first anal furrow, and it delimits a large anal area behind 
it, which therefore lacks only the notch itself in order to become a distinct anal 
lobe. In all insects falling under grouping B this furrow is wanting, due to the re- 
duction or entire absence of the area which in a more primitive condition exists 
behind it and forms the anal or posterior lobe of the wing. 
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D. The pronotum extending laterally directly to the tegulz, where its 
lateral prolongations do not terminate in the form of a rounded “pos- 
terior lobe”’ covering the spiracles. 

E. Cell My of the forewings longer than cell Cu + Cu. Lateral pro- 
longations of pronotum forming a posterior angle which lies above the 
tegule. Wings usually longitudinally plaited. p.965....... VESPIDA 

EE. Cell My, of the forewings shorter than cell Cu + Cu or absent. 
Lateral prolongations of pronotum bluntly rounded, not lying dorsad 
of the tegule. Wings never longitudinally plaited. 

F. Mesopleura divided by a transverse suture into an upper and 
lower plate. First and second abdominal sternites imbricate. 
Coxze very large and long; the legs long and usually distinctly 
SMINOSE 1.2 O50 eee eesode oka carina were ae ee ee ne POMPILIDA 

FF. Mesopleura not divided by a transverse suture. Coxe and legs 
not unusually long. 

G. First abdominal segment united by a ball and socket joint to the 
second, and itself forming an almost completely separated 
“scale” or ‘‘node.’”’ Hypopygium of male unciform. Females 
winged; a worker caste present. (Some more primitive genera of 
Ants.) “P2054 ete coe ce eet ec ee ear FORMICIDA 

GG. First abdominal sternite attached to the second by a suturi- 
form articulation or more or less imbricate, the first segment not 
forming a ‘‘scale” or ‘“‘node”’ between the propodeum and the 
gaster.* 

H. Mesosternum not forming with the metasternum a con- 
tinuous plate overlying the bases of the hind and middle 
coxe Axillary excision of the hind wings in normal position, 
apex of male abdomen without three retractile spurs between 
the last tergite and its sternite. 

I. Vein Ms+ Cu of the forewings opposite vein m-cu or 
nearly so. Second and third tarsal segments of the female 
not dilated. 

J. Mesosternum with two laminz which overlie the bases of 
the middle coxe. 

K. Little or no constriction between the first and second 
abdominal sternites, which are almost or somewhat 
imbricate. A trace of a vein (base of Rs) often divides 
the first submarginal cell (R + 1st Ri). Hypopygium 
of male not unciform. Apex of the marginal cell (2d Ry 
+ R2) distant from the wing apex by not more than the 
length of the cell. Both sexes winged. p. 952....... 
Sti A lela Satenee Roma san terers Sean ek ANTHOBOSCIDA 

KK. First and second abdominal sternites separated by a 
strong and distinct suturiform articulation and either 
the hypopygium of the male is unciform, or the females 
are wingless and carried about by the males in mating. 
L. Hypopygium of the male not unciform; but some- 

times it is tridentate at apex with the middle tooth 
long and spiniform. Females apterous and carried 
about by the males in mating. First submarginal 
cell usually divided by a weak vein (base of the 
TAdiaLSEGLOD an p4O5 Zee renee eee DIELWININTTI Ze) 
LL. Hypopygium of male unciform, known American 
females winged. First submarginal cell not divided 
(base of Rs wanting). 
M. Diurnal insects with normal eyes and ocelli. 
Females winged. (Tiphiine.) p. 953. TiPHIIDa 


*Some genera of Mutillidee in which the first or first and second abdominal 
segments are more or less nodose may be recognized as falling in this category by 


the unciform hypopygium of the males, the apterous females, and the absence of a 
neuter caste. 
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K. Marginal cell (2d Ri + Re) removed by less than its 
length from the wing apex; the fourth submarginal cell 
(Rs) not traversed by an adventitious vein. Abdomen 
never petiolate. 

L. No constrictions between the abdominal segments 
(except between the first and the second), all tergites 
and all but the first and second sternites loosely im- 
bricated plates. The last tergite of the male a small 
simple lamina. Edges of the hypopygium of the fe- 
male turned upwards and meeting on the mid-dorsal 
line, often fused, enclosing the sting in a cone. Both 
sexes winged. Vein m and Mp of the hind wings 
wanting. Mesosternum unarmed, upper surface of 
nincieOxcsistmples wpwO52iseaer dete se eee SAPYGIDAS 

LL. Strong constrictions between each of the ab- 
dominal segments, the tergites and sternites all 
heavily chitinized and not loosely imbricate; the 
last tergite modified and hood-like. Female apterous. 
Upper surface of the hind coxe, at least in the male, 
withalamella. (Methocine and Myrmosine.) p. 953. 
iB. afr eel. eals 2 eA Renee oP. Likes alas TIPHIDA 

KK. Marginal cell (2d Ry + Rs) removed by two or more 
times its length from the apex of the wing; cell Rs when 
present usually traversed by a longitudinal adventitious 
vein. Often nocturnal insects with large eyes and ocelli. 
Females apterous. (Several subfamilies.) p. 953. 
Stag Acyraadute satan’ cy eee tepals fae ees MUTILLIDA 


II. Vein Ms + Cu of the forewings more than two-thirds its 
length apicad of vein m-cu. Second and third tarsal seg- 
ments of the female dilated, deeply excised, and filled with 
membrane between the lobes. Nocturnal insects with very 
large eyes and ocelli. Petiole long and slender. Hypopygium 
UBATINEMGE TAOOS- tere crete cade etree: Matera he RHOPALOSOMIDAE 


HH. Mesosternum and metasternum together forming a con- 
tinuous plate overlying the bases of the hind and middle 
coxe, separated from each other by a transverse suture. 
Axillary excision of the hind wings almost opposite the apex of 
cell M3; + Cu; + Cu. Abdomen of male with three spines, 
retractile between the last sternite and tergite. Tongue elon- 
gate. Wings with membrane striolate. p. 954. ....SCOLIDA 


DD. Pronotum terminating behind laterally in the form of two clearly 
differentiated rounded “posterior lobes,”’ covering the spiracles. These 
lobes reach the tegula in North American forms only in the extremely 
rare genus Dolichurus. 

E. Posterior metatarsus not dilated. No plumose hairs: Females 
without pollen-collecting apparatus, but often with a comb on the an- 
terior tarsi. Maxille rarely elongate; if so, either the ocelli are 
distorted, or the abdomen has a petiole composed only of the first 
sternite. f 
F.. Abdomen of the male with only three or four exposed tergites. 

Last sternite of the female enclosing the sting, its edges fused in the - 
mid-dorsalline. (Dolichurine.) p.978........ eer AMPULICIDE 
FF. Abdomen of the male with seven exposed tergites. Sting not en- 
closed by the hypopygium, p.979...+....++eee seer ees SPHECIDA 
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EE. Posterior metatarsi elongate and dilated. Some of the hairs, 
especially of the thorax, plumose. A pollen-collecting brush or a 
corbicula present in the majority of females. Mazxille usually with 
either the stipes or the lacinia elongate; the latter often very long 
and covering the tongue; the ocelli never distorted; the abdomen 
rarely petiolate, and never with a petiole composed only of the first 
sternite. 

F. Hind tibiz with apical spurs. If the marginal cell (2d Ri + Re) 
is long and slender, reaching nearly to the wing apex, the anal lobe is 
short and fully separated. Cell Mz usually as large as cell 1st Me. 
G. Females without a corbicula. First submarginal cell (R + 


Ist R:) rarely divided (by the base of Rs) in which case there is a 
large anal lobe present. In case the marginal cell (2d Ri + Re) is 
longer than the three submarginals, taken together, there is 
usually a well-marked anal lobe in the hind wings. 

H. Wings with two submarginal cells (very rarely less). 

I. Tongue short and the basal segments of the labial palpi not 
sheath-like; or the labrum is large and free and uncovered. 
Females without a ventral pollen-collecting brush; often 
with a pygidial area. 

J. Tongue short, its apex bifid; labial palpi normal. Fe- 
male only rarely with a pygidial area. Mesepisternal 
suture present. Labrum hidden (Prosopine). p. 993 
Shes SRR, SO MR. Ne a tetene. eet a ee PROSOPID 

JJ. Tongue long or short, but its apex acute; the labial 
palpi normal or their basal segments sheath-like. Mes- 
episternal suture wanting. (Many.) p.995..ANDRENID® 

II. Tongue elongate, the basal segments of the labial palpi 
sheath-like. Labrum not large and free, usually entirely 
covered by the clypeus, or if somewhat visible, then strongly 
inflexed. Females without a pygidial area; those of the 
non-parasitic species with a ventral pollen-collecting brush. 
PU000 REI. AE ee ces MEGACHILID 

HH. Wings with three submarginal cells. Females without a 
ventral pollen-collecting brush; often with a pygidial area. 

I. Tongue short, its apex bifid. Labial palpi normal. Fe- 
males rarely with a pygidial area. Mesepisternal furrow 
present. Labrum hidden. (Colletine.) p.993..PROSOPIDA 

II. Tongue long or short, but its apex acute. The labial 
palpi normal, or the basal segments sheath-like. Mes- 
episternal suture rarely present. (Most.) p.995.ANDRENID© 


GG. Females and workers with corbicule (except Psithyrus). 


First submarginal cell divided by a transverse, hair-like chitinized 
streak (base of Rs), rarely indistinct. Marginal cell (2d Ri + 
R:) rather long and pointed or appendiculate, usually as long as 
the three submarginal cells taken together, and extending far 
beyond the apex of the third (Rs). Malar space large and distinct. 
Hind wings stalked, the anal lobe absent. Tongue very long; 
the two basal segments of the labial palpi and the laciniz elon- 
gate, and forming a sheath. Social insects with normally a 
worker caste (except in Psithyrus). p. TOOM........... BomBIDéz 


FF. Hind tibiee without apical spurs. Social insects with a worker 
caste. Workers with corbicule; females without functionally de- 
veloped ones. Marginal cell (2d R,; + Re) long and slender 
reaching nearly to the wing apex. Anal lobe of the hind wing long 
and scarcely separated. Cell 1st Mz much larger than cell My. 
Byes hairy aops1005s se cha ree eh eee ee APID 


AA. Apterous or subapterous (the wings so reduced as to interfere with the 
normal venation). 


B. The ventral segments membranous, more or less concave with a longi- 


tudinal fold in dried specimens. 
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C. Second and third abdominal tergites connate.* 

D. Abdomen sessile, or if petiolate, the petiole not curved, or expanded at 
capers ACAeAeWGeneta PLO ars ye weeds sds ss ces nce k as BRACONIDA 

DD. Abdomen with an elongate petiole, which is strongly decurved and 
expanded at apex. (Thaumatotypidea in Stilpnini.) p.922 ICHNEUMONIDA 

CC. Second and third abdominal tergites not connate. 

D, Abdomen petiolate, the first segment elbowed and enlarged posteriorly 
(@iviptinas dalpartee PlO22haacudcenk, aad ietc. asses: ICHNEUMONID/ 

DD. Abdomen sessile (Aphidiine in part). p.919..........BRACONID& 

BB. The ventral segments chitinized, convex and without a longitudinal fold. 
C. Pronotum separated from the tegule laterally by the interposition of a 
chitinized sclerite, the prepectus. Antennz elbowed. Hypopygium of the 
female divided, the ovipositor issuing from anterior to the tip of the ab- 
domensy (Avteyerenera.)s0p.)O4 Tectia by clo Met canes oron CHALCIDIDA 
CC. Pronotum reaching the tegulz laterally or the latter altogether ab- 
sent; no prepectus present. 

D. First abdominal segment not forming a “‘scale”’ or “‘node’’ between the 
propodeum and the gaster. Thorax sometimes with sutures largely 
obliterated. 

E. Fore tarsi chelate. (Females of Anteonine.) p.978....DRYINIDA 
EE. Fore tarsi normal. 

F. Hypopygium of the female divided, the ovipositor issuing from 
before the tip of the abdomen, which is more or less strongly com- 
pressed and with a mid-dorsal keel. Second abdominal tergite the 
longest. Petiole very short, cylindrical, scarcely visible. Wingless 
or subapterous forms are usually agamic females. (Mostly 
Gyaipinas POS AAMNe meer ee ne fea eels ore wits. neem is 8 CYNIPID 

FF. Hypopygium of the female not divided, but closely applied to 
the pygidium, the ovipositor or sting issuing from between the two, 
at the tip of the abdomen. Abdomen rarely or never strongly com- 
pressed, without a mid-dorsal ridge. 

G. Mesopleura not divided by a transverse suture. Coxe and 

legs not unusually long. 

H. Abdomen margined laterally, the sides sometimes only acute, 
but usually with a blade-like carina. 

I, Antennz composed of ten segments, rarely less, but in that 

case without an unsegmented club. p. 933.PLATYGASTERID 

II. Antennz composed of eleven or twelve segments, or if of 

seven or eight they have an unsegmented club. p. 933 


BRED rae, SOE La, kee ung ceeion gs Pcs RE aia ccc SCELIONIDA& 
HH. Abdomen neither acute nor margined laterally. 
I. Males. 

J. Antenne of ten segments (Myrmecomorphus). p. 951... 

eee es CPI RONG SRO ECE MORE RA MR a tee EMBOLEMID4& 
JJ. Antenne of thirteen segments. p. 953..... MUTILLIDZ 
JJJ. Antenne of fifteen segments. (Belytine.) p.932.... 

WS Sere tie ye es Soe at 3a ate ee a BELYTIDA 


II. Females. 
J. Antenne of ten or eleven segments. 
K. Antennz of eleven segments. (Six genera.) p. 932 
OO Ee er at oe, miter eee eerie CERAPHRONID 
KK. Antenne of ten segments. 
L. Antennz inserted close to the mouth. (Several 
[xemenci))  OMORV In ecdioc out wuo Gpodc CERAPHRONIDA 
LL. Antenne inserted on a frontal prominence in the 
middle of the face (Myrmecomorphus). p.951...... 
hain worsen ebied ah tne ek eee EMBOLEMID 


JJ. Antenne of twelve segments. (See also JJJ.) 


*If the suture is entirely obliterated, the presence of two pairs of spiracles 
will indicate that the apparent second segment consists really of the second and 


third. 
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K. Prothorax, mesothorax, and propodeum more or less 
intimately fused into a chitinous box; usually with 
little or no trace of sutures, more rarely with the sutures 
visible but connate; still more rarely the prothorax 
is fully separated. ; 

L. First tergite not reaching the base of the petiole, 
but forming an apical gibbous cap thereto. Pro- 
thorax separated. (Apterogynine and Chyphotine.) 


SEL? is Cais kere RAIA Kyctnos, ethane cto MUTILLIDA 
LL. First tergite reaching the base of the petiolar 
segment. 


M. Upper surface of posterior coxz with an erect 
inner lamella at base. Pronotum separated from 
mesothorax by a movable suture. (Myrmosine.) 
De O53. ee eee ce ec et TE ect en eer TIPHIIDA 

MM. Posterior coxe simple. Pronotum and pro- 
podeum fused to the thorax, the sutures lacking. 


Ocellt wanting: =p) O53) eee eee MUTILLID 
KK. Prothorax, mesothorax, and propodeum fully 
separated. 


L. Hind edge of mesosternum with two horizontal 
lamella between the middle coxez, which they 
Partly overlaps 1952. et. tera eee THYNNID 

LL. Mesosternum without such lamelle overlapping 
the bases of the coxe. 

M. Mesosternum with two minute, erect teeth 
between the middle coxe. Mesothorax elongate. 
Moderately large ant-like insects. (Methocine.) 


OMCO RC EeC n e e mraae es cota oe TIPHIIDA 
MM. Mesosternum unarmed. Mesothorax rarely 
elongate. 


N. Head oblong, porrect; antennz inserted close 
to the mouth, never geniculate. Femora, es- 
pecially of the fore-legs, usually strongly thick- 
ened in the middle. Scutellum without pits. 
Ds GOS IORI Eee ee eee BETHYLID 

NN. Head usually globular or transverse. An- 
tenne inserted in the middle of the face. Fem- 
ora not medially strongly thickened. Scutellum 
usually foveolate. 

O. Antenne geniculate. Scutellum with deep an- 
terior fovee; or if these are absent it is not 
distinctly separated from the mesonotum. 
(Sixteent genera ssp. .O32) seen eee BELYTIDA 

OO. Antenne not geniculate. Scutellum dis- 
tinct, without fovee. (New genus in Myr- 
MIOSiN des) ND O56 Geeta ete aii eee TIPHIDA 

JJJ. Antenne of from thirteen to fifteen segments. 

K. Antenne inserted close to the mouth. Head oblong, 
porrect. Anterior femora spindle-shaped. p.965...... 
Bi ee awa is Mena he berccta te ene en Mee Cae BETHYLIDA 

KK. Antenne inserted on the middle of the face. Head 
globular or transverse. 

L. Abdomen produced behind into a pointed tube. Spur 
of the anterior tibia without a ventral blade-like 
lamella. (Three genera.) p. 931...PROCTOTRUPIDA 

LL. Abdomen not produced behind into a tube. Spur 
of the anterior tibiz with two prongs and no ventral 
lamina. Anterior femora clavate. p. 932. BELYTIDA 
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GG. Mesopleura divided by a transverse suture into an upper and 
lower plate. Coxe very large and long; the legs long and usually 
EEN hye GOAORS ORO Nee Ab biscuits GIRO eee POMPILID 

DD. First abdominal segment forming a ‘‘scale’’ or “node” between the 
propodeum and the gaster. Thorax with its sutures distinct, but the 
mesothorax usually much reduced in size. p.954......... FORMICID 


SUPERFAMILY _ICHNEUMONOIDEA 


The Larger Parasitic Hymenoptera 


Often after a great outbreak of insects people are astonished that 
the hordes of pests have disappeared so quickly and completely. 
Few of them realize that the subjugation of the pests was probably 
due either to the weather or to the activities of parasitic insects. In 
this superfamily are included some of the parasites most often re- 
sponsible for the control of insect outbreaks. They perform also the 
less noticeable but more important role of keeping most species of 
herbivorous insects below the level of economic importance. 

Entomologists have made many attempts to supplement the 
activities of native parasites with introduced species. Usually this 
has been a matter of going to the native home of an introduced pest 
for the purpose of bringing in the insects found to attack it there. 
Some introduced parasites have found conditions in their new home 
favorable for rapid and continued reproduction and have effected 
spectacular control. Pests of major importance have been reduced 
to insignificant numbers in a few years. Most attempts to introduce 
beneficial insects have met with failure or with very moderate success 
due to the inability of the parasite to establish itself or to build up 
sufficient numbers. A single success in this field of work, however, 
more than compensates for many failures. 

In the parasitic superfamily Ichneumonoidea are included the 
Stephanide, Braconide, Ichneumonidz, Trigonalide, Aulacide, and 
Gasteruptiide. In these families are most of the larger species of 
parasitic Hymenoptera. They have rather complete venation in the 
fore wing, no anal lobe in the hind wing, and an indefinitely large 
number of antennal segments, usually seventeen to sixty or more. 
The multi-segmented antenna is the only distinctive character of the 
superfamily and this is subject to the exception that the Aulacide 
and Gasteruptiide have only fourteen antennal segments. This 
obvious lack of cohesion makes one doubt the naturalness of the group. 

Correlated with its parasitic habits the larva of ichneumonoids 
is degenerate, legless, and maggot-like. Except for the mandibles 
the head appendages are more or less vestigial. The body has thirteen 
segments and in the mature larva nine pairs of spiracles. Ichneu- 
monoid larvee differ from those of parasitic Diptera in lacking the 
mouth hooks and pharyngeal skeleton so characteristic of the latter. 
They differ from chalcidoid larvee in having the labium and maxilla 
present or represented by sensory areas. These organs are not de- 
tectable in the chalcidoids. 

The ichneumonoids are all parasites upon other arthropods. 
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Larve and pupz of holometabolous insects are the usual hosts. 
Some braconids parasitize plant lice and a very few attack adult 
Coleoptera. A few genera of ichneumonids are parasites in the eggs, 
cocoons or on the bodies of spiders. 

In a typical life history of an ichneumonoid, the adult female 
locates the host larva by searching in a likely spot, identifies it with 
a few gentle taps on her antenna, and then quickly deposits an egg 
inside the larva by inserting her sting-like ovipositor. The larva 
writhes and thrashes about but is usually not able to drive away the 
parasite before the deed is done. The parasite’s egg soon hatches 
and the tiny maggot-like larva that issues from it lies in the body 
cavity of its host. It grows gradually by feeding on the blood and 
fat body, avoiding the vital organs. The host larva develops in a 
normal manner but perhaps is unusually lethargic. When the host 
is nearly ready for pupation the parasite begins more rapid feeding 
and growth. Soon it begins to gorge itself with the vital organs of 
its host which rapidly sickens and dies, leaving a limp and shrivelled 
carcass of which the parasite makes short work. The cocoon is spun 
by the mature parasite larva either in the remains of its host or a 
short distance away. Throughout its feeding life the parasite has 
not excreted any visible wastes. Just before pupation it discharges 
the accumulated wastes in its intestine in a mass called the meconium. 
This dries to a hard pellet in the posterior end of the cocoon. Pupa- 
tion takes place and a few days or weeks later the adult parasite 
gnaws a hole in one end of its cocoon and escapes fully hardened and 
colored. This is usually at a time when a new generation of the host 
is ready for parasitism. 

Some species are obligatory secondary parasites and will feed only 
on some other parasite. Others are either primary or secondary 
parasites according to whether or not other parasites are in the hosts 
in which they develop. 

Instead of living in the inside of their hosts, the larvee of some 
species are external feeders. In these cases the parasite egg is placed 
on the host or near it and the larva feeds through cuts in the host’s 
skin. External parasites are liable to be dislodged and therefore are 
seldom found on exposed and active hosts. The usual victims are 
larvee or pupz in tunnels, nests, or cocoons. The externally parasitic 
species usually permanently paralyze the host by a sting from the 
ovipositor before depositing the egg. This immobilization of the host 
gives further protection to an externally feeding larva. 

An ichneumonoid larva feeding externally upon a paralyzed host 
in its burrow has habits which differ but little from those of tiphiid 
wasps whose larvee feed upon scarabzeid beetle grubs permanently 
paralyzed in their burrows by a sting from the parent wasp. It isa 
short step from this type of life history to that so common among the 
wasps usually called predators. In these the female provisions a nest 
tor her offspring with one or several paralyzed insects. The difference 
is in the amount of care given to her offspring’s food by the adult 
wasp rather than in the habits of the larva itself. It is thus difficult 
to distinguish between the parasitic and the predacious habit among 
the Hymenoptera. Recently some authors have been using the term 
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parasitoid for the economy of the parasitic Hymenoptera (see Wheeler 
(23), page 26), for although the host is kept alive and usually de- 
veloping while it is being consumed the parasite eventually devours its 
prey completely as does a true predator. With the infinite variation 
in types of parasitism and the frequent intergradation with other modes 
of life it seems useless to try to restrict the term “‘parasite”’ too closely. 

Adult ichneumonoids feed upon the honey-dew secreted by 
Homoptera and at flowers such as Umbelliferae whose nectar can be 
reached by the insect’s usually short mouth parts. For water, of 
which they need a good supply, they lap up dew or rain drops from 
leaves. The females frequently feed upon the host juices that exude 
from punctures made by the ovipositor. Some species will attack a 
larva or a pupa just for this purpose, puncturing it again and again to 
lap up the juices, but never depositing an egg. Since only the larva 
is parasitic, adult ichneumonoids show none of the degenerative 
specializations for a parasitic habit that would otherwise be expected. 

Polyembryony, or the development of several larvee from a single 
egg, is known to occur among the ichneumonoids only in the braconid 
genus Macrocéntrus. Parthenogenesis is possible in most species. 
Unmated females usually produce only males. Ina few cases females 
are produced. In these species the male is usually either extremely 
rare or entirely unknown. 


Famity STEPHANIDA2 


The Stephanids 


The stephanids are among the strangest of the Hymenoptera. 
The spherical head is on a long neck and has a crown of teeth. The 
very slender antennz arise just above the mouth. The hind femur 
is enlarged and has a series of teeth beneath. These insects are rare 
outside of the tropics and even there are not common. Their life 
history is unknown although they are supposed to be parasitic on the 
larvee of wood-boring beetles or in the nests of solitary bees or wasps. 


Famity BRACONIDAE* 
The Braconids 


The Braconidz have a close superficial resemblance to the Ich- 
neumonide. They differ from this family in always lacking vein M2 
so that cells M,; and 1st Ms are confluent (Fig. 1148) and, except in 
the subfamilies Aphidiinee and Paxylommatine, in having the second 


*Ashmead (’00) has given a key to the genera of Braconide, but unfortunately 
this is difficult to use and contains many errors. Some recent revisions of North 
American species and genera are as follows: Aphidiine, Bull. Md. Agr. Exp. Sta. 
IQII, 152 : 147-200; Opiine, Proc. U. S. Nat. Mus. 1915, 49 : 63-95; Bracon, 
Proc. U. S. Nat. Mus. 1917, 52 : 305-343; Apanteles, Proc. U. S. Nat. Mus. 
1920, 58 : 483-576; Neoneurinee and Microgasterine, Proc. U. S. Nat. Mus. 
1922, 61 : 1-76; Meteorus, Proc. U. S. Nat. Mus. 1923, 63 : 1-44; Microbracon, 
Proc. U. S. Nat. Mus. 1925, vol. 67, art. 8, 85 pages; Braconinz, Proc. U. S. 
Nat. Mus. 1927, vol. 69, art. 16, 73 pages; Macrocentrus, Proc. U. S. Nat. Mus. 
1932, vol. 80, art. 23, 55 pages; and Euphorine, Misc. Pub. U. S. Dept. Agr. 


1936, no. 241, 36 pages. 
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and third abdominal segments inflexibly joined together. There is 
usually also a vein crossing the large cell situated below the stigma. 
This is wanting in the Ichneumonidae. The braconids as a tule are 
smaller than the ichneumonids. Many of the North American 
braconids large enough to be confused with ichneumonids have black 
wings anda red and 
black body, a color 
combination rare in 
the latter group. 

In this family 
are included proba- 
bly over two thou- 
sand North Ameri- 
cat "species = ie 
great majority are 
parasitic upon 
caterpillars. The 
rest attack mainly 

Fig. 1148.—Wings of a braconid. the larve of weevils, 

leaf-beetles, borer 

beetles, and cyclorrhaphous Diptera. The subfamily Aphidiinze 

attacks plant lice, the subfamily Ichneutinz sawfly larve, and the rare 

subfamilies Paxylommatinz and Neoneurinz are ant parasites. A few 
Alysiinze are secondary parasites. 

Because of the excellent characters offered by their venation, the 
braconids are easier to classify than the ichneumonids, yet because 
of their small size they have escaped the attention of the average 
entomologist so that many facts about them are still to be learned. 
About eighteen subfamilies are now recognized, of which the Alysiine, 
Aphidiine, and Paxylommatinz are sometimes treated as separate 
families. Some of the larger and more interesting groups are discussed 
below. 

The subfamilies Vipiinee (= Braconine), Spathiine, Hecaboline, 
Doryctinz, Hormiinz, and Aleiodine are all closely related and per- 
haps should be made a single subfamily. In these the clypeus is 
arched upwards and the labrum is very concave so that there is a 
circular opening above the mandibles, hence the name Cyclostomi 
which is applied to this group. Members of the Cyclostomi usually 
parasitize caterpillars or beetle larvee living in tunnels or nests. The 
female permanently paralyzes the host larva by stinging it with her 
ovipositor, then deposits one or several eggs on its body. She may 
stop to lap up the juices exuding from the ovipositor wound. The 
eggs hatch into larve which feed through holes cut in the skin of the 
host. When mature, they spin cocoons near the host remains. 

The subfamily Chelonine has the abdomen in the shape of an 
oval shield which looks like an inverted bath tub or a turtle shell. 
In some genera there are evident sutures separating the three tergites 
which make up the dorsal shield. In this subfamily the parasite 
inserts its egg into the egg of the host. The parasitized host larva, 
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except for being somewhat stunted, develops normally to maturity, 
when the nearly grown parasite larva emerges from its body and 
finishes it off in one big meal. Ascogdster quadridentatus was intro- 
duced into this country from Europe to control the codlin moth. 
Its life history is typical of the subfamily. In midsummer about 
thirty-five days are required for a generation. Although its activities 
are helpful, this species does not effectively control the codlin moth. 

The Microgasterinz includes species with hairy eyes and with the 
abdomen so short that it is surpassed by the hind femur. Except in 
the genus A panteles there is a tiny cell near the center of the fore wing. 
Most of our species have eighteen antennal segments. Muicrogdster, 
Microplitis, and Apdnteles are the genera of importance. All are 
parasitic on caterpillars. The genus A pdnteles contains nearly two 
hundred North American species and is probably the most beneficial 
among the braconids. Each species attacks a particular type of 
caterpillar—leaf miners, or cutworms, or larve of Sphingidae, etc. 
Many are gregarious parasites, often a hundred or more developing 
from a single host. The female may insert ten to thirty eggs at a 
single thrust of her ovipositor and may make several thrusts into a 
single caterpillar. The parasite larvee all mature at exactly the same 
time and bore to the outside simul- 
taneously. Often they spin their 
yellow or white cocoons at the point 
on the caterpillar from which they 
emerged, when they look superfi- 
cially more like eggs than cocoons 


Fig. 1149.—Caterpillar with co- : ; Z 
coons of a braconid. (Fig. 1149). Other species may spin 
a mass of cocoons bound together 


by more or less loose silk near the body of the caterpillar (Fig. 1150). 


The parasitized caterpillar lingers on for a few days 
after the parasites have left it and finally dies. 
The species commonly attacking sphingid larve is 
Apdnteles congregatus. Apdnteles glomerdatus attacks 
larvee of the cabbage butterfly. Through the efforts 
of Dr. C. V. Riley this European species was intro- 
duced and it is now widely distributed in North 
America. Other species of Apdnteles have been 
introduced to control the gypsy moth and the 
European corn borer. 

The Braconine (= Agathidine) includes species 
with the cell next to the stigma extending less 
than half-way beyond the end of the stigma to 
the wing tip. There is a very small cell in the center 
of the wing below the stigma. These are the bra- 
conids most frequently collected on flowers. Many 
of the species have black wings and the abdomen or Fig. 1150. 
entire body red. Some species have elongate mouth 
parts for reaching nectar and the head prolonged below into a sort of 
beak. Edrinus limitdris is a black species about nine millimeters 
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long, common in the early spring. Most Braconine parasitize cater- 
illars. 

: The Macrocentrinz includes the genus Macrocéntrus with about 
forty species in North America. They are yellowish brown or more 
or less black in color. They are slender with long legs and with 
an ovipositor as long as the body. Caterpillars living in nests or in 
tunnels are the usual hosts. Macrocéntrus ancylivorus is a native 
species first discovered parasitizing the strawberry leaf-roller (An- 
cylis comptana) in New Jersey. It has been found the most effective 
control of the oriental fruit moth, a notorious pest of peaches, and 
has now been colonized in peach orchards all over the eastern United 
States and in some foreign countries. In some localities it parasitizes 
more than eighty per cent of the fruit moth larvee. Macrocéntrus 
gifuensis is a polyembryonic species from the Old World introduced 
a few years ago to help control the European corn borer. It is one 
of the most effective parasites of this pest. 

The Alysiine includes species with the teeth of the mandibles 
pointing outward instead of inward toward the mouth. The only 
other Hymenoptera with this type of mandible are the Vanhorniidze 
and the ichneumonid genus Lystégnatha, very rare insects. The 
Alysiine are parasites of fly maggots, and the paddle-like mandibles 
are used by some for digging in filth in search of hosts. 

The Aphidinee includes delicate little species with a movable 
joint between the second and third abdominal segments and with 
reduced wing venation. All are parasites of plant lice. The female 
aphidiine approaches an aphid and identifies it with a few taps of 
her antenne. She then stands high and ducks her abdomen down 
between her legs and forward in front of her head to plunge her 
ovipositor into the plant louse. In a few days the developing parasite 
larva has eaten out the inside of the aphid. It cuts a hole in the 
bottom of the aphid’s empty skin and through this glues the carcass 
to the substratum. Then it makes its cocoon in the aphid’s ab- 
domen. The adult braconid emerges by cutting a 
circular lid (Fig. 1151). In the genus Prdon, the 
cocoon is spun beneath instead of inside the host and 
the dead aphid is used as a roof for the cocoon. Plant 
lice with braconid cocoons inside have an inflated 
appearance and brownish color that makes them 
conspicuous among a colony of living aphids. These 
parasites are of prime importance in reducing the 
numbers of aphids and were it not for them, the lady beetles, the 
lace-wing flies, and the syrphids, plant lice would be serious pests. 


Famity ICHNEUMONIDA** 
The Ichneumon Flies 


Fig. 1151. 


The Ichneumonide includes most of the larger parasitic Hy- 
menoptera. They are similar to the Braconidz and differ from most 


*The following papers should be consulted for identification of species: 
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other Hymenoptera in having the narrow cell just behind the costal 
vein obliterated by the fusion or close approximation of the costal 
vein and the vein behind it and usually by having some of the ab- 
dominal sterna membranous. They differ from braconids in having 
cells M; and rst Mz of 


the fore wing separ- 

ated by a vein (Fig. a 

1r52) and the second a Se 

and third abdominal —— 
tergites movable. psy 

There are a very few i 


exceptions to one or 
the other of these char- 
acters. Except for the 
frequent absence of 
the areolet, a small cell 
near the middle of the 
wing (Fig. 1152), ich- Fig. 1152.—Wings of an Ichneumon fly. 
neumonids have a very 

constant and distinctive venation in the fore wing. Many species 
are wasp-like in appearance but may at once be recognized as ich- 
neumonids by the long many-segmented antenna. 

Except perhaps for the Chalcidide this is the largest family of the 
Hymenoptera. Probably about six thousand species occur in the 
United States. All are parasitic and many are important enemies of 
destructive insects. The taxonomy of the family is difficult because 
the subfamilies and tribes are not easily characterized and must be 
learned by experience. Five subfamilies are usually recognized, but 
these are admittedly unnatural in some degree and any definition 
of them is subject to exceptions. The student, however, can place 
most of the common species by means of the key below. Some of the 
more important tribes of ichneumon flies are discussed under the 
different subfamilies, but space will not permit all of them to be 
mentioned. 


Tribes of Pimpline, Proc. U. S. Nat. Mus. 1921, vol. 60, art. 4, pages I-7; Labe- 
nini, Rhyssini, Xoridini, Odontomerini, and Phytodietus, Proc. U. S. Nat. Mus. 
1920, 57 : 405-474; Accenitini, Proc. U. S. Nat. Mus. 1920, 57 : 502-523; Ly- 
corini, Polysphinctini, and Theronia, Proc. U. S. Nat. Mus. 1920, 58 : 7-48; 
Pimplini (except Theronia), Proc. U. S. Nat. Mus. 1920, 58 : 327-362; Odon- 
tomerus, Proc. U. S. Nat. Mus. 1930, vol. 77, art. 3, 15 pages; Cremastini, Proc. 
U.S. Nat. Mus. 1917, 53 : 503-551 and Proc. U. S. Nat. Mus. 1920, 58 : 268-288; 
Cryptini with a very small areolet, Proc. U. S. Nat. Mus. 1929, vol. 74, art. 16, 
58 pages; Exetastes, Proc. U. S. Nat. Mus. 1937, 84 : 243-312; Netelia, Lloydia 
1938 (1939), I : 168-231; Trogini, Trans. Amer. Ent. Soc. 1939, 65 : 307-346; 
Ichneumonine, Trans. Amer. Ent. Soc. 1877, 6 : 129-212; Diplazonini, Trans. 
Amer. Ent. Soc. 1895, 22 : 17-30; Tryphonine (except Diplazonini), Trans. Amer. 
Ent. Soc. 1897, 24 : 193-348; Glypta and Lissonota (= “ Lampronota’’), Trans. 
Amer. Ent. Soc. 1870, 3 : 151-166. The last four papers cited are out of date and 
somewhat unreliable, but are the best available. Ashmead (’00) has given a key 
to all the genera, but the student will find this unreliable. 
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KEY TO THE SUBFAMILIES OF ICHNEUMONID/ 


By Dr. H. K. Townes 


A. Spiracles of first abdominal segment situated definitely behind the middle of 
the segment; sternite of first abdominal segment immovably fused with the 
tergite or if rarely free, then the abdomen strongly compressed. 

B. Abdomen more or less compressed; areolet (= a small cell near the center 
of the wing) more or less triangular or absent. p.927.......... OPHIONIN 
BB. Abdomen depressed or cylindrical; areolet more or less pentagonal, 
quadrangular, or occasionally absent. 
C. Sternaulus (a horizontal groove in lower part of mesopleurum) sharp and 
ustially more than half as long as the mesopleurum; ovipositor usually 


Sinpassing Uiprol abdomen 1.1027. ria eiee see ere 0 =) Sees Se CRY PRIN AL 
CC. Sternaulus absent or poorly defined and short; ovipositor not or but 
slightly surpassing tip of abdomen. p. 928.............. ICHNEUMONINE 


AA. Spiracles of first abdominal segment situated near or in front of the middle 
of the segment; sternite of first abdominal segment usually more or less free 
from the tergite. 

B. Face and clypeus forming an even undivided surface; male claspers drawn 
out into a pair of long spines; ovipositor sheaths slightly shorter than the 
first abdominal segment, rather broad, flat, and somewhat polished; areolet 
largerand shomboidaly py0270 eee eles = (tribe Mesochorint) OPHIONINE 

BB. Face more or less separated from clypeus by a groove, or insect otherwise 
not entirely agreeing with the above. 

C. Ovipositor surpassing tip of abdomen; abdomen often with definite 
elevations and depressions above and usually elongate. p. 924. . PIMPLIN 
CC. Ovipositor not or but slightly surpassing tip of abdomen; abdomen 
without definite elevations and depressions above and not elongate unless 
also! petiolates ops 92 Gime aya Serie cls hoe ee eee ten ee ay ean TRYPHONINE] 


SUBFAMILY PIMPLINA® 


Most species of Pimplinz are black with ferruginous or banded 
legs. They are parasites mainly of caterpillars and wood-boring 
beetle larvee. Their long ovipositors are adapted to reaching hosts in 
tunnels in wood or in weed stems. 

Megarhyssa (= Thaléssa) is our largest ichneumon fly (Fig. 1153). 
It is a parasite of the wood-boring larva of the pigeon horn-tail, 
Tremex coliimba. When a female finds a tree infested by this borer 
she selects a place which she judges to be opposite a Trémex burrow 
and making a derrick out of her body proceeds with great skill and 
precision to drill a hole in the tree. At the beginning of the process 
the excess length of the ovipositor is coiled into a sack formed by the 
very elastic membrane between the sixth and seventh abdominal 
segments. When most of the ovipositor is deep in the wood the 
ovipositor sheaths which do not enter with it form a loop over her 
back (Fig. 1153). After the Trémex burrow is reached, a long egg 
flows down the tube in the slender ovipositor and is left on or near 
the host. The larva which hatches from the egg feeds upon the 
Tremex larva by sucking its blood and eventually destroys it entirely. 
When full grown it pupates in the Trémex burrow. The adult gnaws 
a hole through the bark to emerge. If the adult is a female, there are 
males waiting just outside and she is mated just after emergence or 
even before she can extricate herself from the hole. Females of the 
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four North American species are easy to distinguish. Megarhyssa 
atrata’ has a black body and yellow head. The northern species 
M. nortoni has yellow circular spots on the sides of the abdomen. 
M. lundator and M. greenei have brownish abdomens with angulate 
yellow stripes on the sides (Fig. 
1153). M. lundtor has an ovi- 
positor twice as long as its body 
while that of M. greenei is 
about one and a half times as 
long as its body. 

The tribe Polysphinctini 
comprises small species usually 
without an areolet in the fore 
wing and with a rather short 
ovipositor. They are parasites 
of spiders. The female tempo- 
rarily paralyzes a spider by 
stinging it and then glues an 
egg toitsabdomen. The spider 
recovers and resumes its nor- 
mal activities. The maggot- 
like parasite larva hatches and 
keeps its tail end attached to 
the egg shell to maintain its Fig. 1153.—Megarhyssa lunator. 
position on the spider’s abdo- 
men. It feeds through the skin of the spider and finally kills it and 
then spins a cocoon and soon emerges as an adult. 

The tribe Pimplini includes robust species with stout ovipositors 
about half as long as the abdomens. In the genus 7heronza are species 
that are almost entirely fulvous in color. The other three genera, 
Pimpla, Apéchthis, and Itopléctis are black and can usually be dis- 
tinguished from other Pimpline by the hind tibia which is white at 
the middle and has the apex and base (including the extreme base) 
black. Members of this tribe are parasitic upon pupe of Lepidoptera. 
Each species parasitizes a great variety of hosts differing considerably 
both in size and relationships. Due to the varying sizes of the hosts 
the adult parasites have a remarkable variation in size. Usually 
males develop in the smaller hosts and females in the larger so that 
males average smaller than females. This is a frequent phenomenon 
among parasitic Hymenoptera but no satisfactory explanation for it 
has been advanced. Jtopléctis conquisitor is a common parasite on 
tent caterpillars and Therénia atalante is a common hyperparasite of 
Ttopléctis conquisitor. Sometimes Jtopléctis is itself a secondary 
parasite. Species of Pimpla and A péchthis give off a strong pungent 
odor when captured. 

The tribe Lissonotini includes species with a tiny notch near the 
tip of the ovipositor and a single bulla or weak place in vein Mp. 
The propodeum usually has a single semicircular carina. The larve 
are internal rather than external parasites, a biological characteristic 
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found in the present subfamily only in this tribe and in the Pimplini. 
Caterpillars boring in twigs or weeds are the usual hosts of those with 
long ovipositors. The rest attack cutworms and similar caterpillars. 
Glpta rufiscutellaris is a common parasite of the oriental fruit moth. 
In some localities it gives a moderately effective control of this pest. 
The genus Ceratogdstra contains wasp-like species with conical 
pointed abdomens. They are commonly found on goldenrod flowers. 


SuBFAMILY TRYPHONINA® 


The Tryphoninz includes most of the ichneumon flies that attack 
sawflies, and the group is most abundant in our northern forests. In 
the tropics, where sawflies are scarce, few species occur. Some Try- 
phonine are slender, pale brown in color, and have large eyes. 
They fly at night and are often confused with the superficially similar 
Ophionine but may be at once distinguished from these by their 
possession of an areolet and by the characters given in the key to 
subfamilies. 

The tribe Tryphonini contains short stocky species with the 
propodeum divided into many areas by cross and longitudinal 
carine. Most of the species are black with the abdomen and legs 
largely reddish. The life history is quite characteristic of this and 
related groups. The egg is large and oval with a slender stalk. The 
female inserts the stalk of the egg into the skin of a sawfly larva 
near its head where the larva cannot turn to reach it with its mandi- 
bles. The stalk stays embedded in the larva’s skin, anchoring the 
egg in place. After the sawfly spins its cocoon the egg hatches into 
a small larva which feeds on the host until it is consumed. The 
parasite pupates to emerge as an adult the following spring to para- 
sitize the next generation of sawflies. A female may often be seen 
with an egg ready for deposition attached by its stalk to her ovipositor, 
and in the genus Polybldstus a dozen or more eggs may be carried on 
the ovipositor at once. The older eggs, those near the tip of the 
ovipositor, contain fully developed larve. It is said that if a host is 
not found soon enough the oldest eggs are discarded. 

The tribes Mesoletini and Mesoleptideini contain species usually 
more slender than the Tryphonini and with the propodeum not 
divided into numerous areas by carinze. These tribes also parasitize 
sawflies, but the egg does not have a stalk and is inserted into the host 
larva. 

The tribe Metopiini contains species that are usually black, with 
a very protuberant face, and short stout legs. Most of the species 
are small, though the genus Metopius contains fairly large individuals. 
The Metopiini are parasites in lepidopterous pupe. The genus 
Metac@élus contains two cosmopolitan parasites of clothes moths. 

The tribe Diplazonini contains small stocky bright-colored species 
with the upper tooth of the mandible broad and chisel-shaped. All 
are internal parasites of aphid-eating syrphid larve. The adult 
emerges from the host puparium. Dzplazon letatorius is a species 
that is common all over the world. It may be recognized by its 
black-, white-, and red-banded hind tibia. 
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SUBFAMILY OPHIONINZ 


This subfamily may usually be recognized by its compressed 
abdomen, though a few species have the abdomen indistinctly com- 
pressed. All are internal parasites, usually solitary. The majority 
parasitize caterpillars. 

The tribe Mesochorini is characterized in the key to subfamilies. 
The species are mostly small. All are secondary parasites. The 
female of Mesochorus finds a host that is already parasitized and 
probes with her ovipositor until the parasite larva is reached, where- 
upon she oviposits within the body of the parasite. The braconid 
genus Apdnteles is frequently attacked by Mesochérus. 

The tribe Campoplegini includes a great number of species. The 
face is evenly convex, not separated from the clypeus by a groove, and 
is covered by short, thick silvery-white hair. The head and thorax are 
usually entirely black and the abdomen more or less reddish. Many 
species are important enemies of injurious caterpillars. A colony of 
Anitsota larve is sometimes found with many dead individuals stuck 
to the leaves and twigs. They are swollen at the middle and shrivelled 
at both ends. These have been parasitized by Hyposoter fugitivus 
whose cocoon makes a swelling in the middle of the dead caterpillar. 
Many Campoplegini spin exposed cocoons. These are closely woven, 
oval in shape, and often whitish encircled with irregular dark 
bands. 

The tribe Ophionini includes species with an unusual venation in 
the fore wing. The large cell just above cell 1st Me (Fig. 1154) 
extends further distad than does cell rst. Ms. Most are night-flying 
species about eighteen to twenty millimeters 
long, yellowish brown in color, and with large 
eyes. These belong to the genera Ophion 
and Enicospilus (Fig. 1154). They parasitize 
cutworms and similar caterpillars. One very 
large species of Enzicospilus infests the cater- 
pillars of the polyphemus moth and its rela- 
tives. The caterpillar lives until it spins a 
cocoon, but does not change toa pupa. The Fig. 1154.—Ophion. 
ichneumonid larva, when full grown, spins a 
dense brownish cocoon within the cocoon of the caterpillar. Thyréo- 
don atricolor is a large coal-black species with bright orange antenne. 
It is often seen flying along the edges of woods in search of its hosts, 
sphingid larvee. This species and other large ichneumonids will sting 
with the ovipositor if not handled carefully. 

The tribe Therionini includes relatively large species with very 
slender abdomens and the hind tarsi more or less swollen. They are 
parasites of various caterpillars. 


SuBFAMILY CRYPTINZ 


The Cryptine can usually be recognized by the exserted ovipositor 
somewhat shorter than the uncompressed abdomen and by the fact 
that the first abdominal segment is narrow at the base, decurved 
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and broadened at the apex and with the spiracles much nearer the 
apex than the base. The species are external parasites of pupe and 
prepupee in cocoons. A few parasitize wood-boring beetle larvee or 
are internal parasites of dipterous larve. 

The tribe Hemitelini includes small species with the outer vein 
of the areolet lacking so that the areolet is incompletely formed. 
Hemitéles parasitizes a variety of pupze enclosed in cocoons and often 
attacks cocoons of other ichneumonids and of braconids, thus be- 
coming a secondary parasite. Gélis is very similar to Hemutéles in 
appearance and habits except that the females are always wingless. 
The males may be either with or without wings, even in the same 
species. The wingless forms have a superficial resemblance to ants. 
Besides attacking various small insect cocoons, Gélis often parasitizes 
the egg cocoons of spiders. 

The tribe Phygadeuonini has the areolet complete and the pro- 
podeum with both longitudinal and transverse carine. It includes a 
large number of rather small species parasitic on Lepidoptera and 
Diptera. 

The tribe Cryptini differs from the two preceding tribes by having 
two transverse and no longitudinal carinz on the propodeum. The 
larger species of the subfamily belong here. Agrothereutes extremdatis 
infests the cocoons of the cecropia moth. The odor of fresh silk 
draws the female parasite to the newly spun cocoon of the host. 
About thirty parasites develop in each cocoon. A grothereutes niincius 
parasitizes the promethea moth, and a third species of the genus at- 
tacks the polyphemus. 


SuBFAMILY _I[CHNEUMONINA2 


Members of this subfamily resemble the Cryptine in general ap- 
pearance but lack a definite sternaulus, have a short ovipositor, and 
are more stocky in build. They are all parasitic upon lepidopterous 
pup. The female oviposits into either the host larva or the pupa, 
but the adult emerges from the pupa in both cases. 

In the tribe Pheeogenini the propodeal spiracles are round. Other 
members of the subfamily have these spiracles long and oval. The 
Pheeoginini are small species parasitic upon Microlepidoptera. 

The tribe Ichneumonini comprises many species about thirteen 
millimeters long and somewhat wasp-like in appearance. It may be 
distinguished from the preceding tribe by the long oval propodeal 
spiracles and from the following tribe by the fact that the scutellum 
is usually flat or convex, and not subconically elevated. In this tribe 
the females are usually of a more stocky build than the males and 
often so differently colored that it is difficult to decide which males 
belong with the various females. The sexes also differ in habits, the 
males being entirely free-living and the females of many species 
spending much of their time searching for hosts in grass tufts and 
under dead leaves and debris. Females may be found overwintering 
in rotten logs, under bark, and in tufts of grass. Some species enter 
hibernating quarters in August, long before the first signs of cold 
weather. Each kind occurs in a particular type of shelter and is not 
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to be found elsewhere. Species hibernating in logs often congregate 
in groups of three to twenty in old beetle burrows and other cavities. 
It is strange that Ichneumon tiltimus and I. méndax, two of the com- 
monest species collected in hibernation, have never in the author’s 
knowledge been found during the growing season, and their males 
are apparently unknown. The genus Hoplismenus, with a conical 
scutellum, is parasitic on nymphalid butterflies. The other species, 
most of which have been included in the genera Ichnewmon and 
Ambljteles, parasitize largely Noctuide and Geometride. 

The tribe Trogini includes large species about twenty millimeters 
long with subconical scutella. Trégus vulpinus is a common red 
species with black wings. The female oviposits into caterpillars of 
swallowtail butterflies, and the adult parasite emerges through a 
hole cut in the side of the chrysalid. Most of the other Trogini are 
parasitic on hawk moths. 


Famity TRIGONALIDZ 
The Trigonalids 


The family Trigonalidz includes a small number of rare species. 
The adults look very much like sawflies. They differ from other 
ichneumonoids in having a distinct costal cell in the fore wing and 
more than fourteen antennal segments. Female trigonalids lay their 
minute flattened eggs, about ten thousand in number, on the under- 
side of leaves just back of the margin. In some species they are in- 
serted into the leaf tissue. The eggs hatch when eaten with the 
leaves by caterpillars or sawfly larvee, provided that the shell is broken 
in the process. The young larva enters the body cavity of the cater- 
pillar and develops either as a primary parasite or as a secondary 
parasite on some other parasite of its host. Some species are parasitic 
in vespid nests. It is not known how these reach their hosts. One 
species found parasitic in vespid nests has been observed to insert its 
eggs into the margins of leaves. For a classification of the family 
see Schulz, Genera Insectorum 1907, fasc. 61, 24 pp., 3 pls. 


Famity AULACIDA 


The Aulacids 


The aulacids have the abdomen attached high on the propodeum 
far above the bases of the hind coxe as in the Gasteruptiidee and the 
Evaniide. They may be distinguished from these families by the 
venation (Fig. 1155), the linear hind tibia, and the lack of a separate 
petiolar segment to the abdomen. The ovipositor is somewhat longer 
than the abdomen. There are three Nearctic genera: Pristaulacus 
with three or more teeth on the tarsal claws; Odontaulacus with one 
or two rather blunt teeth on the claws; and Aulacus (= Pamme- 
eischia) with the claws apparently simple but each with a tooth at the 
extreme base. Aulacus parasitizes the larvee of Xiph}dria, a wood- 
boring sawfly. The other two genera attack larve of wood-boring 
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Coleoptera. All may be collected on the trunks of dead or dying trees 
but are seldom 
common. 

Female aul- 
acids have the 
inner side of 
each hind coxa 
notcheds ato 
form a channel 
for the guid- 
ance of the ovi- 
positor when 
the? scoxee) are 
brought to- 
gether over it. 
It is interesting 
to note that the braconid genus Capitonius and the ichneumonid genera 
Labéna and Apechoneura have the hind coxe notched for the same 
purpose. These genera further resemble the Aulacidz in having the 
abdomen attached high on the propodeum and in being parasitic on 
wood-boring Coleoptera. Apparently the habit of supporting the ovi- 
positor between the hind coxze when it is in use has some causal con- 
nection with the high attachment of the abdomen. 

Revisions of this family were included in their papers on Evanidz 
by Bradley ('o8) and Kieffer (’12). 


Famity GASTERUPTIIDA 
The Gasteruptids 


The family Gasteruptiide, often spelled incorrectly Gasterup- 
tionide, resembles the Aulacide and the Evaniide in having the 
abdomen attached high on the propodeum. 
It differs from these families in having the 
hind tibia bulbously swollen toward the tip 
and in having venation like Figure 1157. 
; The front wing can be folded lengthwise. 

Fig. 1156. Figure 1156 represents a species of Gas- 
tertiption, in which genus are included nearly 
all of the twenty-odd North American members of the family. 


Fig. 1155.—Wings of an aulacid. 


Fig. 1157.—Wings of Gasteruption incertus. 
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Except that some have long ovipositors and some short, the various 
species look much alike. They are parasitic in the nests of solitary 
bees and wasps. The adults are common on umbelliferous flowers 
and around logs in which their hosts are nesting. 

A monograph of this family was included by Kieffer (’12) in his 
paper on Evantide. 


SUPERFAMILY PROCTOTRUPOIDEA 
The Proctotrupoids 


The Proctotrupoidea includes mostly very small species super- 
ficially resembling chalcids or braconids. Most of them are black 
with the legs and antenna often brownish or reddish. The first three 
families listed have a fairly complete venation in the front wing. 
In the other families it is more or less reduced. The hind wing has 
never more than one closed cell and lacks an anal lobe. The ovi- 
positor issues from between dorsal and ventral plates at the tip of the 
abdomen. In most other parasitic hymenoptera it issues from a 
subterminal cleft on the ventral side of the abdomen. These insects 
may be distinguished from chalcids by the fact that the pronotum 
extends back to the tegula. They differ from the braconids and ich- 
neumonids in having never more than fifteen antennal segments. 

A few proctotrupoids are inquilines. The rest are internal 
parasites of other insects or their eggs. 

The North American Proctotrupoidea were monographed by 
Ashmead (’93). Note that the first three subfamilies of Ashmead’s 
classification, those in which the hind wings possess an ‘‘anal lobe,” 
are now included in the Vespoidea and Sphecoidea. 

The family ROPRONIIDZ! includes the single genus Ropronia 
with a few rare species in North America. The adults are about 
eight millimeters long and have a subcircular compressed abdomen 
on a petiole. They may be collected among rank herbage in moist 
woods. The immature stages are unknown. 

The family HELORID includes the genus Helérus with the 
single species H. paradéxus in North America. It is a black species, 
about four millimeters long with fifteen-segmented antenna and a 
petiolate abdomen. The adults may be collected on umbelliferous 
flowers. The larve are parasitic in the cocoons of Chrysépa. 

The family VANHORNIIDZ! includes the single rare species 
Vanhornia eucnemidadrum occurring in eastern North America from 
Massachusetts to Virginia. It is a parasite of [sorhipis ruficornis, a 
beetle working in dead wood that is fairly sound. The adult Van- 
hérnia has very broad mandibles with the teeth pointing outwards. 
The abdomen is covered almost entirely by single dorsal and ventral 
sclerites. See Crawford (’o09). 

The family PROCTOTRUPID,* also called Serphide, con- 
tains several closely related genera and about two score North 
American species ranging from about three to six millimeters in 


*For a monograph of the family see Kieffer (’14) and for a recent revision of 
our species see Brues, Jour. New York Ent. Soc. 1919, 27 : I-19. 


932 AN INTRODUCTION TO ENTOMOLOGY 


length. They may be recognized by the large stigma in the fore wing 
just beyond. which is a short but well-defined cell smaller than the 
stigma. The abdomen is circular in cross-section and tapers to a coni- 
cal point. In the male there is a pair of pointed claspers and in the 
female a heavy tubular ovipositor sheath. The species of Procto- 
tripes have a red abdomen. The proctotrupids whose habits are 
known are all solitary or gregarious internal parasites of beetle larve. 

The family 
PELECINID is 
represented by a 
single species, Pele- 
cinus polyturdtor 
(Figmi153): silhe 
females are often 
confused with ich- 
neumon flies but 
may be easily recog- 

Fig. 1158. nized by the long 

cylindrical abdo- 

men. The abdomen of the male is much shorter, with about the same 

length and shape as that of a Sphéx wasp. This sex is very rare in 

the United States, but is common in some parts of South America. 

The species is a solitary internal parasite on the larvee of June-beetles. 

The adult females are common in August and September. This family 

and the Proctotrupide have many structural resemblances. They 
are doubtless closely related. 

The family BELYTIDA®* differs from the following procto- 
trupoid families in that the antennee arise from an elevated portion 
of the face at some distance above the clypeus. It differs from the 
preceding families in that the fore wing lacks a stigma. There are 
two subfamilies: the Belytinzee with a closed cell in the hind wing, 
and the Diapriinze without a closed cell in the hind wing. 

The subfamily Belytine contains several common genera whose 
species resemble Figure 1159. Some species 
are known to parasitize larve of My- 
cetophilide and other Diptera breeding in 
fungi. 

The subfamily Diapriinz contains, 
among others, the remarkable genus Gdlesus. 
This has an oblong head with a turret of 
teeth on top. The face slopes sharply back- 
wards to the mandibles which are long and Fig. 1159. Proctotrupid 
point backwards. The wings can be folded 
lengthwise. Gdlesus and other Diapriine are parasites in dipterous 
puparia. 

In the family CERAPHRONID&, often called Calliceratide, the 
nine to eleven-segmented antenne are inserted next to the clypeus, 
but unlike the Scelionide and Platygasteride the lateral margin of 


*For a monograph of the family see Kieffer (’16). 
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the abdomen is rounded. In the subfamily Megaspiline the fore wing 
has a large stigma. This is absent in the other subfamily, Cera- 
phronine. The ceraphronids attack a variety of hosts, including 
Cecidomyiide and other Diptera. Certain species of Lygécerus are 
secondary parasites of braconids which attack aphids. 

The family SCELIONID have the usually twelve-segmented 
antenne attached near the clypeus. The abdomen is more or less 
depressed and has an acute, usually carinate, lateral margin. Except 
possibly for the Platygasteride, this is the largest family of the 
Proctotrupoidea. The species are all parasitic in insect or spider eggs. 
Beus parasitizes the eggs of spiders, Trissolcus and Hadronétus 
parasitize eggs of Hemiptera, and Telenomus attacks eggs of Lepi- 
doptera and Hemiptera. Scélio attacks the eggs of locusts. A species 
of Scélio has been observed to penetrate the loose soil above a locust’s 
egg pod and with her very extensible ovipositor reach every egg in 
the pod for oviposition. Sometimes she first chews a hole in the pod 
and backs into it for oviposition. 

A few scelionids exhibit the interesting phenomenon called 
phoresy—they attach to another insect for transportation. Phantrus 
beneficiens is a common parasite of the eggs of pyralidid moths in the 
Oriental Region. The adult Phanurus attaches to a female moth, 
and when the latter oviposits the parasite leaves the body of the 
moth to parasitize the freshly laid eggs. The European Rvélia 
manticida has comparable habits. The female takes up a position on 
the body of an adult Mdntis, usually a female. The wings are then 
discarded and the scelionid lives as a true external parasite. The 
usual position is under the wings of the host, but other more or less 
protected areas are inhabited also. When the Mantis lays her egg 
mass the Riélia enters the frothy, not yet hardened, covering of the 
egg pod to parasitize the eggs. After oviposition the parasite returns 
to the Mantis. 

Scelionid first stage larvee are like those of certain other hymenop- 
terous egg parasites in being of a bizarre yet undifferentiated form 
which is often termed cyclopoid from its general resemblance to 
Cyclops, the water flea. The body is sack-like and unsegmented. 
At the anterior end is a pair of long mandibles, and posteriorly is a 
long ventrally curved tail that is often forked. Near the middle of 
the body are bands or tufts of long spines. The long mandibles and 
whip-like tail serve for locomotion and for disorganizing the contents 
of the egg. The second stage larva is of more normal form. 

The family PLATYGASTERIDZ includes many minute black 
species. The usually ten-segmented antenne are attached next to 
the clypeus, the abdomen is depressed with a sharp lateral margin, 
and the wings are veinless (Platygasterine) or with a single short 
vein (Inostemminz). Most of the species parasitize the larve of 
Cecidomyiide. The egg is inserted into that of the host, but develop- 
ment of the parasite is retarded until the host egg has hatched. 
Sometimes young cecidomyiid larve are attacked. There are a few 
records of platygasterids being reared from mealy bugs, white flies, 
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and other insects. Some species of Platygdster are polyembryonic. 
For a revision of the Platygasterinze see Fouts, Proc. U.S. Nat. Mus. 
1924, vol. 64, art. 15, 145 pages. 


SUPERFAMILY CYNIPOIDEA 
The Cynipids 


Most members of this superfamily are small insects and many of 
them are minute; for this reason they are not commonly observed; 
but the galls produced by some species, especially those that are 
found on oaks and roses, are very familiar objects. Not all cynipids, 
however, produce galls; some are parasites and others are inquilines, 
living in galls produced by other species. 

The antenne of the cynipids are not elbowed and only rarely 
composed of more than sixteen segments; the pronotum is produced 
on each side so as to reach the tegula 
or is separated from it only by a 
membranous area; the wings lack a 
stigma and have at most five closed 
cells; the wings are rarely wanting; 
the abdomen is strongly compressed. 
In most genera the tergites of th> 
basal abdominal segments differ 
greatly in length; in some the sex - 
ond is half as long as the entire ab» 
domen (Fig. 1160). 

For papers on the classificatioi: 
of the Cynipoidea see Ashmead (03 } 

Fig. 1160.—A mphibolips. and Dalla Torre and Kieffer (o:: 

and ’1o). Dalla Torre and Kieffer 

recognize only a single family of cynipids, the Cynipide; this they 

divide into ten subfamilies, seven of which are represented in our 
fauna. 

These are the [baliine, Anacharitine, Aspicerine, Figitinee, Euco- 
iline, Charipine, and Cynipine. The first six of these subfamilies 
include comparatively few species. These are parasitic, infesting 
chiefly dipterous larvee and aphids. The last subfamily, the Cyni- 
pine merits a more detailed discussion. 


SUBFAMILY CYNIPINA® 


This subfamily is composed of the gall-flies or gall-wasps as they 
are termed by some writers. Most of the species cause the growth of 
galls on plants, but some species, the guest gall-flies, are inquilines 
living in galls produced by other species. 

Although these insects are known as the gall-flies it should be 
remembered that galls are produced by many insects that do not 
belong to this subfamily. Galls made by plant-lice, flies, and moths 
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have been described in the preceding pages, and galls are also produced 
by beetles and certain other insects; but the great majority of these 
strange growths are made either by gall-midges, mites, plant-lice, or 
true gall-flies (Cynipine). 

The galls made by mites and plant-lice have open mouths, from 
which the young of the original dweller escape. But in the case of 
the gall-flies the gall is closed, and a hole must be made by the insect 
in order to emerge. Moreover, there is no reproduction of insects 
within the galls of gall-flies, as there is within the galls of mites and 
plant-lice. 

It is a remarkable fact that each species of gall-insects infests a 
special part of one or more particular species of plants, and the gall 
produced by each species of insect is of a definite form. Hence when 
an entomologist who hasstudied these insects sees a familiar gall, he 
knows at once what species of insect produced it. 

Naturalists have speculated much as to the way galls are made to 
grow. It has been supposed that at the time the egg is laid there is 
deposited in the tissue of the plant with it a drop of poison, which 
causes the abnormal growth. By this theory the differences between 
the galls of different insects was explained by supposing that the 
fluid produced by each species of insect had peculiar properties. 
There are certain kinds of galls which may be produced in this way. 
Thus it is said that the wound made bya certain saw-fly in the leaves 
of willow causes an abundant formation of plant-cells, and the gall 
thus formed attains its full growth at the end of a few days, and 
before the larva has escaped from the egg. But with the gall-flies 
the gall does not begin to grow until the larva is hatched; but as 
soon as the larva begins to feed, the abnormal growth of the plant 
commences. In this case, therefore, if the gall is produced by a 
poison, this poison must be excreted by the larva. 

Galls produced by the different species of cynipids differ greatly 
in form and are found on all parts of plants. A most useful manual 
for the identification of galls is the ‘“Key to American Insect Galls” 
by Dr. Felt (’18) in which, are figures of the galls of many of our 
gall-making insects, including those of all orders. 

There are two terms that are frequently used in the descriptions 
of galls; these are monothalamous, indicating that the gall contains a 
single larval cell, and polythalamous indicating that the gall is com- 
pound, containing more than one larval cell. 

Certain insect-galls have been found valuable for various purposes; 
they have been used in medicine, in the manufacture of ink, for tan- 
ning, and for dyeing. A summary of the literature dealing with the 
uses of insect-galls was published by Fagan (’18). 

There exists in many species of gall-flies an alternation of 
generations; that is, the individuals of one generation do not re- 
semble their parents, but are like their grandparents. In many cases 
the two succeeding generations of a species differ so greatly that 
they have been considered as distinct species until by careful studies 
of the life-cycle one has been found to be the offspring of the other. 
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In those species where an alternation of generations exists, one 
generation consists only of agamic females while the other consists 
of both males and females, which reproduce sexually. In some cases 
the galls produced by the two generations are quite similar; but in 
others they are very different and are found on different parts of the 
host plant. For an example of this see the account of the hedgehog 
gall-fly, Andricus erinacet, given below. i 

The guest gall-flies or inquilines —Some species of this subfamily 
do not form galls but lay their eggs in the galls made by other species. 
The larvee of these inquilines feed upon the galls produced by their 
hosts and in some cases do not discommode the owners of the galls 
in the least. But some guest gall-flies are parasites as well as guests. 
For example, Triggerson in his study of the hedgehog gall-fly (’14) 
found that the larva of Synérgus erindcei, a guest in the hedgehog 
gall, mines from cavity to cavity of the gall and feeds on the occupant 
of each in turn. 

Among the more conspicuous of our cynipid galls are the following. 

The oak hedgehog gall, Andricus erindcet—A common gall on the 
leaves of white oak is one known as the oak hedgehog gall. This gall 
is rounded or oblong, with the surface finely 
netted with fissures, and more or less densely 
covered with spines (Fig. 1161, a). It varies 
in length from ro mm. to 15 mm., and occurs 
on both sides of the leaves. The point of at- 
tachment is generally on the midrib, though it 
is often found on the lateral veins. When young 
the gall is yellowish green, but in autumn it 
becomes yellowish brown. ‘This gall is poly- 
thalamous, containing from two to eight larval 
cells (Pied Lr6m4 0), 

Within the hedgehog galls is developed one 
generation, the agamic one, of Andricus erinacet. 
Fig. 1161.—The oak ‘The alternating generation, the sexual one, is 

hedgehog gall: a, developed in very different galls made on the 

eal oe ee b, sec- terminal growing points of buds and bud-scales. 
ion of gall. 2 

These are small, thin-walled, elongate, egg- 

shaped galls, from 2 to 3 mm. in length, and are monothalamous. 

The life-cycle of this species was very carefully worked out by 
Triggerson (’14), from whose account the data given here are com- 
piled. The two generations are distinguished by the use of trinominal 
names, as follows. 

Andricus erinacet erinacet.—This is the agamic form, which is de- 
veloped in the oak hedgehog galls. In this form the wings are vestigial 
not twice the length of thescutellum. The adults emerge in November 
and deposit their eggs in the leaf- and flower-buds. 

Andricus erinacet bicolens.—This is the sexual form, which is de- 
veloped in the galls formed in the buds. The larve hatch in May, 
from eggs laid by the agamic form the previous autumn and produce 
the galls known as the soft oak-bud galls. The adults, male and 
female, emerge early in June, and the females lay their eggs in the 


HYMENOPTERA 937 


leaf-veins; from these eggs hatch the larve that cause the growth of 

the oak hedgehog galls. In the sexual form the wings are well- 

smal The name bicolens was proposed for this form by Kinsey 
20). 

The oak-apples.—There are various kinds of galls found on the 
leaves and stems of oaks that are commonly known as oak-apples, a 
name suggested by 
the spherical form 
and large size of 
some of them. Sev- 
eral of these are 
quite similar in ex- 
ternal appearance 
but are markedly 
different in internal 
structures» In. all 
there is a firm outer 
wall and a small, 
central larval cell 
(Fig. 1162). The 
part of the gall be- 
tween the larval 
cell and the outer 
wall differs in struc- 
ture in the galls of 
different species of 
gall-flies; in some 
it is filled with a Fig. 1162.—An oak-apple. 
spongy mass of tis- 
sue, in others the larval cell is held in place by a small number of 
filaments that radiate from it to the outer wall. 

The large oak-apple, Amphibolips confluens—This is the largest 
of our common oak-apples, measuring from 18 to 50 mm. in diameter. 
It occurs on several species of oak and is usually attached to a vein 
or the petiole of a leaf. The space between the larval cell and the 
outer wall of the gall is filled with a spongy mass of tissue, in which 
in some of the galls there are many radiating fibers, as shown in the 
figure above, but in other galls these fibers are indistinct, the space 
being filled with an amorphous mass of tissue. 

In spite of the fact that these galls are common and conspicuous 
the life-cycle of the species that produces them has not been fully 
worked out. What is known of it is based chiefly on the observations 
of Walsh (1864), little has been added during the long interval since 
this publication. 

The oviposition has not been observed. ‘The galls appear on the 
leaves early in the spring; from some of them there emerges in June 
a generation of gall-flies consisting of both males and females; and 
from other galls there emerges in the autumn a generation of gall-flies 
which consists only of females. 
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The large empty oak-apple, Amphibolips inanis.—There are two 
oak-apples which are very similar in structure, and which may be 


Fig. 1163.—The large empty 


oak-apple. 


termed the empty oak-apples. In these 
the space between the central larval cell 
and the outer shell contains only a few, 
very slender, silky filaments, which hold 
the larval cell in place (Fig. 1163). The 
larger of these two galls, measures from 
25 to 35 mm. in diameter, and is found 
on the leaves of the scarlet oak and red 
oak. Externally this gall resembles that 
of the preceding species but is easily dis- 
tinguished by its internal structure. The 
adult gall-flies emerge in June and early 
in July; they are male and female; an 
agamic form of this species is not known. 

The smaller empty oak-apple, Diplo- 
lepis centricola.—This gall is found on the 


lower side of leaves of the post-oak and measures from 15 to 20 mm. 
in diameter. It is sometimes tinged with pink and covered with a 
white bloom. The adult gall-flies emerge in October and are all 
females. A sexual generation of this species is not known. 


The oak-bullet- 
gall,  Dushoicdspis 
globulus.—One of 
the most common 
galls on white oak, 
chestnut oak, and 
scrub chestnut oak 
is a bullet-shaped 
gall which is at- 
tached to the small 
twigs of these trees. 
This gall measures 
from 8 to 16 mm. 
in diameter and oc- 
curs singly or in 
clusters of two, 
three, or more. In- 
ternally it is of a 
compact, rather 
hard, corky texture, 
and contains a free, 
oval, larval cell, re- 
sembling an egg. 


Fig. 1164.—The mossy rose-gall. 


The adult gall-flies emerge during October and November; these are 
all females; a sexual generation of this species has not been identified. 


The giant oak-gall, Andricus califérnicus.—This is the most com- 
mon oak-gall of the Pacific Coast. It is very abundant on the twigs 
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and branches of the California white oaks, and during the winter, 
when the trees are bare, it is a very conspicuous object, on account 
of its abundance and large size. It varies in shape from globose to 
reniform and also varies greatly in size; some of the larger ones 
measure more than too mm. in their greatest diameter. The outer 
surface of the gall is white and usually smooth; the interior is more 
or less filled with a compact soft material, and contains from one to 
a dozen larval cells. Several varieties of the gall-fly that produces 
this gall are described by Kinsey (’22). 

The mossy rose-gall, Rhodites rése.—This is a very common poly- 
thalamous gall, which is formed on the stems of rose bushes, especially 
of the sweetbrier. The gall consists of a large mass of moss-like 
filaments surrounding a cluster of hard kernels (Fig. 1164). In each 
of these kernels a gall-fly is developed. The galls appear early in the 
summer, but the adults do not emerge till the following spring. These 
are male and female; there is no alternation of generations in this 
species. 


SUPERFAMILY CHALCIDOIDEA 


The Chalcid-flies 


This superfamily is the most 
highly evolved of the Hymenop- 
tera. It includes the family Chal- 
cidide with a very large number 
of genera and species. A few 
species are as large as honey-bees, 
but the vast majority are minute. 
Most are black or metallic green- 
ish in color, but some are brown 
or yellow. The most distinctive 
feature of the group is the pres- 
ence of a separate sclerite, the Fig. 1165.—A chalcid-fly, A phycus 
prepectus, in front of the meso- eruptor. 
pleurum. This sclerite is inter- 
posed between the pronotum and the tegula so that the two are not 

in contact as in most other Hy- 
menoptera. Ina few chalcids the 
6 r prepectus is very small or entirely 
absent. Chalcids have the an- 
tenna elbowed and never with 
more than thirteen segments. 
The ovipositor usually does not 
: , ; extend beyond the tip of the ab- 
Fig. 1166.—Fore wing of a chalcid-fly. domen but may be quite long. 
Each wing has only a single vein. 
In some genera a few other indistinct veins can be traced. 


940 AN INTRODUCTION TO ENTOMOLOGY 


The vein that persists in the wings of chalcid-flies consists probably 
of the coalesced subcosta, radius, media, the stigma, the radial cross- 
vein, and the base of vein R3. Writers on the Chalcidoidea make use 
of a special set of terms in describing the different parts of this com- 
pound vein. These are the submarginal vein or subcostal vein 
(Fig. 1166, a), the marginal vein (Fig. 1166, b), the postmarginal vein 
(Fig. 1166, c), and the stigmal vein (Fig. 1166, d). 

The chalcid-flies constitute an exceedingly important group of in- 
sects from an economic standpoint; and nearly all of them are bene- 
ficial, being parasites that do much to keep in check noxious insects. 
A few species, however, are phytophagous; among these are those of 
the genus Isosoma that infest the stalks of growing grain, and species 
of several genera that infest the seeds of various plants. While these 
are noxious, the fig-insects, forming the subfamily Agaoninz, although 
phytophagous are very beneficial to man. 

Insects in all stages of their development suffer from the attacks 
of chalcid-flies, eggs, larve, pupz, and even adults in a few cases 
being attacked by them. The larve of chalcid-flies usually feed 
within the body of their host, but some species are external parasites 
of other larve. 


While the development of most species of chalcid-flies is a normal one, in 
certain species remarkable modifications of the usual course exists. The phe- 
nomenon of polyembryony which has been observed in several species is dis- 
cussed on an earlier page. Another modification of the usual course of develop- 
ment is the existence of a hypermetamorphosis that occurs in some genera. 


Fig. 1168.—Peril- 

Maes hyalinus. 
f yf ; ature larva, 
Fig. 1167.—Planidium of Perilampus. From left to greatly enlareent 


right, dorsal, lateral, and ventral views. (After Ford.) (From Smith.) 


In these cases the larvae when they leave the egg differ i 

t : : greatly in form from 
ordinary chalcid-larve (Fig. 1167). and are active, moving about in search of 
their prey. This active instar was termed by Professor Wheeler, who first de- 
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scribed it, the planidinm, from the Greek meaning diminutive wanderer. The 
planidea of the species of several genera have been described. Two of these, 
Oraséma viridis, described by Wheeler ('07a) and Psilogdster fasciiventris de- 
scribed by Brues (’19) are parasites of ants, and Perilampus hyalinus described by 
H. S. Smith (’12) is a secondary parasite of the tachinid and ichneumonid para- 
sites of the fall webworm. The planidium figured above was found by Miss 
Norma Ford within the bodies of dissected specimens of one of the meadow- 
grasshoppers, Conocephalus fasciatus; it is probably a secondary parasite of some 
parasite of the grasshopper (Ford ’22). 

The development of Pertlampus hyalinus will serve as an illustration of the 
life-cycle of these remarkable parasites. The egg has not been observed, but it 
seems probable that it is deposited upon the food plant of the fall webworm in the 
vicinity of a colony of this insect. The planidia, which measure less than 0.3 mm. 
in length and are therefore almost invisible to the unaided eye, were found first on 
the exterior of the caterpillars; later within their bodies, having bored through the 
cuticula of the caterpillar by means of their well-developed mandibles; still later 
the planidia were endoparasitic within the larve of parasites of the caterpillars. 
After feeding for a time the planidium molts; the second instar is ovate in shape, 
with the head bent underneath. After another short period of feeding the larva 
molts a second time and becomes greatly changed in form (Fig. 1168). Finally 
after the primary parasite has left the caterpillar and pupated the larva of Pert- 
lampus becomes an ectoparasite. It then soon completes its growth and pupates. 


Famity CHALCIDIDA 


Many authors regard as distinct families the groups treated here 
as subfamilies. Since there is much difference of opinion regarding 
the extent of the various groups and since the definition of many of 
them is difficult, it seems unwise to call them families. The classi- 
fication adopted is that of Ashmead (’04), except that the Leucospi- 
dine are separated from the Chalcidine and that Ashmead’s families 
are reduced to subfamilies. Some authors recognize additional 
groups, among them the following: Eupelmide, Tanaostigmatide, 
and Signiphoride here included in the Encyrtine; Leptofoenidee 
(= Pelecinellide) here included in the Cleonyminze; Tridymidz 
included in the Miscogasterine; Spalangidee included in the Ptero- 
maline; and Aphelinide, Elachertide, Entedontide, and Tetra- 
stichidze here included in the Eulophine. A thorough revision of 
the genera and higher groups is greatly needed. Such a work would 
do much to help the study of this difficult yet most interesting and 
important family. 

The key to the subfamilies will serve for most species, though the 
diversity of form in many groups and the present state of our knowl- 
edge makes the construction of a reasonably perfect key quite difficult. 


KEY TO THE SUBFAMILIES OF CHALCIDIDA 
By Dr. H. K. Townes 


A. Tarsi with three segments; wing hairs usually arranged in lines; very small 
BOGE Saf 40a iainatols, «= rach poperne: she, sh anumoaa ne Wie eka ayebicdiey 2 TRICHOGRAMMATIN& 
AA. Tarsi with four or five segments. j 
B. Hind wing linear; tarsus with four or five segments; minute species. p. 948 
MYMARIN 42 


BB. Hind wing not linear, wider near the middle. . 
C. Tarsi with four segments, or sometimes five-segmented; axilla of fore 


wing produced on to mesonotum, its anterior margin on or in advance of 
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an imaginary line drawn from tegula to tegula; anterior tibial spur small 


and weak 

D. Hind coxa extremely large and disc-like; hind tarsus very long. p. 948 
Riga eee NECA 8 LE BS RA ace ea re ELASMINZ 

DD. Hind coxa of approximately normal size, more or less cylindrical; 
hind itarsus ofnomnalilens( hemp s104 jeri eee ree EULOPHIN 


CC. Tarsi with five segments; axilla normal, not produced on mesonotum 
forward of the tegula; anterior tibial spur larger and strong. 
D. Hind femur much enlarged and with a row of teeth beneath. 
E. Hind tibia ending in a long spine beyond the insertion of the tarsus 
and with a single weak apical spur. : ‘ 
F. Prepectus a large triangular sclerite; thorax metallic green 


(SenusePoda771070) sae 943 ae te eeee Fe tae J ORMYRIN AL 
FF. Prepectus a small almost completely hidden sclerite; thorax 
neverunetallicigreent) pa O44 gan ae ete eee ee CHALCIDIN 


EE. Hind tibia rather squarely truncate and with two apical spurs. 
F. Wings folded longitudinally in repose; ovipositor recurved over 
dorsumok abdomenim O47. meen ae eee LEUCOSPIDIN& 
FF. Wings never folded; ovipositor not recurved. p. 946 CLEONYMINA 
DD. Hind femur of more normal size and with not more than two teeth 
beneath. 
E. Mesopleurum large and evenly convex, without a groove for the 
femur; apical spur of middle tibia long and stout. p. 946 ENCYRTINE 
EE. Mesopleurum with a groove for the reception of the femur; 
apical spur of middle tibia not stout. 
F. Pronotum above with only an anterior face, not visible from the 
dorsal aspect; mandible sickle-shaped. p.944....... EUCHARIN 
FF. Pronotum above with a dorsal face so that it is easily visible 
from above. 
G. Thorax very robust and short; abdomen small, oval, polished, 
and entirely or largely enclosed by the second or the fused second 


NaCl ielabhTEl (NESE nj Oly CHM mets ig Sha stn = Ooo PERILAMPINE 
GG. Thorax and abdomen not as above, of more normal propor- 
tions. 


H. Head of female long, oblong, and with a deep longitudinal 
groove above; front and hind femora and tibie stout, the 
middle ones slender; male wingless with three- to nine-seg- 
ANSASS) BHMUSMME, Oy CY ooo odo aeaceracodeoseac AGAONTINE 

HH. Not as above. 

I. Hind tibia with one apical spur; head often large, in front 
often wide and flat with a reticulate surface and strie 
converging to the mouth. p.947........... PTEROMALIN2 

Il. Hind tibia with two apical spurs, one of which may be 
quite small; head usually not as above. 

J. Hind coxa usually large and with more or less of a ridge 
above; abdomen usually compressed and the ovipositor 
UstlalllyelOn Oe e104 3 serene ene ORMYRINA 

Hind coxa not enlarged, rather cylindrical in cross 
section; ovipositor not or slightly surpassing the tip of 
the abdomen. 

K. Pronotum large, quadrate and as wide as the meso- 
notum; color black or brown, never metallic; abdomen 
HsuallvecompPressed ae DAO Sa ane eee EURYTOMIN 2 

KK. Pronotum short transverse, conical or conically 
produced anteriorly and narrower than the mesonotum; 
color often metallic greenish; abdomen usually de- 


pressed, 
L. Mesepisternum large; front or hind femur often 
enlarceda ps O40. esa CLEONYMIN 


LL. Mesepisternum not unusually large; neither front 
nor hind femur enlarged; species resembling the 
Iuenoralbhaee, Ty CLYlo cin oncuvicoaas MISCOGASTERINA 
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SUBFAMILY ORMYRIN/Z& 


_ The subfamily Ormyrine has gone also under the names Tory- 
mine and Callimomine. Most species are more or less metallic 
green with compressed abdomens and long ovipositors. They are 
parasitic largely on cynipid and cecidomyiid gall insects. The com- 
monest genus is Callimome (= Torymus). Although most of its 
species are parasites of gall insects, Calliméme druparum infests the 
seeds of apple. For a revision of the genus see Huber, Proc. U. S. 
Nat. Mus. 1927, vol. 70, art. 14, 144 pages. Monodontomerus is para- 
sitic upon a great variety of hosts. Megastigmus includes brownish 
species with a large black stigma in the fore wing. The larve develop 
in seeds. Some are common in rose hips, and others destroy the seeds 
of coniferous forest trees. See Crosby (’09). Poddgrion is a parasite 
in the eggs of Mantide. The genus Ormyrus is parasitic on gall in- 
sects. It has the abdomen tapering to a conical tip and peculiar 
at of large punctures on the tergites. The ovipositor is not ex- 
serted. 


SUBFAMILY AGAONTINA® 
The Fig Insects 


This subfamily is composed of those remarkable insects that live 
within figs and fertilize them. It is represented in the United States 
by a single species, Blastophaga psénes, that was introduced into Cali- 
fornia in order to make possible the production of the Smyrna fig in 
that state. 

The fruit of the fig tree consists of a hollow receptacle on the lining 
of which the flowers are borne. At the apex of the fig there is a more 
or less distinct opening leading into the interior. It is through this 
opening that the female fig insect leaves the fig in which she was 
developed and enters a young fig in order to oviposit. 

The eggs are laid at the base of a modified form of pistillate flower, 
known as gall-flower, that is found in wild figs, and the larve produce 
little galls in which they develop. The female fig insect when leaving 
the fig in which she was developed becomes covered with pollen 
which is carried into the young fig which she enters to oviposit, and 
thus the flowers in this fig are fertilized. 

The male fig insect is wingless. It crawls about over the galls 
in the fig in which it was developed, and when it finds a gall containing 
a female it gnaws a hole in it and then thrusting the tip of its abdomen 
through the puncture fertilizes the female. 

It is only in the wild figs that the gall-flowers are developed. For 
this reason only the wild figs are suitable for the development of the 
fig insects. But the female insect will enter the cultivated figs seeking 
a place to oviposit and will thus fertilize them. 

Although the numerous varieties of common cultivated figs do 
not require the stimulus of pollination and the resulting fertilization 
of the ovary to make the fruit set, in the case of the Smyrna fig, which 
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is the most desirable variety grown, without this stimulation the 
young figs soon turn yellow and drop. It is the oily kernel of the 
fertile seed that gives the Smyrna figs their superior quality. 

The fertilization of the edible figs is termed caprification. It is 
brought about by placing in the fig trees fruit of the wild figs contain- 
ing the fig insects.’ In order to produce the Smyrna figs it is necessary 
to grow also the wild figs, or caprifigs as they are termed. 

There are many species of fig insects living in the wild figs of 
tropical and semi-tropical countries. 


SupramMILty PERILAMPIN® 


The members of this subfamily are short species with large heads, 
robust thoraces, and short oval abdomens. Some are metallic green 
and thus resemble cuckoo wasps. Others are black. Most of our 
species belong to the genus Perilémpus. Perilampus lays its eggs on 
leaves partially inserted into incisions made by the ovipositor. The 
first stage larva is a tiny active animal with chitinous armor and series 
of spines beneath (Fig. 1167). The name planidium has been given 
to this type of larva. The planidium attaches to a passing caterpillar 
and bores into its body. There it locates and penetrates the larva 
of a tachinid, ichneumonid, or other parasite of the caterpillar. After 
the primary parasite of the caterpillar has completed its growth and 
pupated, the Perilampus larva emerges from its body and finishes 
development as an external parasite of the parasite pupa. The other 
larval instars lose the specializations of the planidium stage and 
look more like normal parasite larve (Fig. 1168). Most species of 
Perilampus are secondary parasites, but P. chrysdpe is a primary 
parasite of lacewing-flies. 


SUBFAMILY _EUCHARINA# 


The subfamily Eucharine includes a few uncommon or local 
Species parasitic on ants. In the tropics species and individuals are 
more numerous. Some genera have a bizarre pair of spines extending 
backwards from the scutellum. The eggs are laid in the leaves or 
buds of plants. The first stage larva is a planidium resembling that 
of the Perilampine. Probably the planidia attach to worker ants 
and are thus carried to the ant larvee and pupe which they parasitize. 


SUBFAMILY CHALCIDINZ 


This subfamily is easily recognized by its very swollen hind femur, 
though certain members of other groups have this character also (see 
the key to subfamilies). The peculiar hind legs appear to be suited 
for grasping prey. Females occasionally grasp host larvee with them 
for oviposition. The Chalcidinee includes most of the large species 
of the family. Some of our species of Spilochdlcis are as large as yellow 
jacket wasps and on account of their similar black and yellow color 
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are easily confused with them while on the wing. Common genera 
are Spilochalcis, with the abdomen on a noticeable stalk and with an 
apical spur on the middle tibia; and Chdlcis with an oval unstatked 
abdomen. Spilochdlcis marié is a common parasite in the cocoons 
of the large silk moths. Some species of Chdlcis are parasites of lepi- 
dopterous pup and others of fly maggots. Some oviposit into 
tachinid maggots while they are still inside the bodies of their cater- 
pillar hosts. The tachinid larvee complete their development and 
pupate before succumbing to the Chdlcis hyperparasites. 


SUBFAMILY EURYTOMIN® 


This subfamily is remarkable on account of the diversity of its 
habits. Primary and secondary parasites of a variety of insects, egg 
parasites, and phytophagous species are included. 

Members of the genus Harmolita (= Isoséma) infest the stems 
of growing grasses, either forming gall-like swellings or living in the 
center of the stems. The two following species are of economic 
importance. 

The wheat joint-worm, Harmolita tritici, is a well-known pest 
that infests the stalks of growing wheat and certain grasses. It 
causes a woody growth which fills up the cavity of the stalk, and 
sometimes also causes a joint to swell and the stalk to bend and lop 
down. The presence of this insect is often indicated by pieces of 
hardened straw coming from the threshing machine with the grain. 
There is but a single generation of this species in a year. The insect 
remains in the straw and stubble during the winter, the adults emerg- 
ing in the spring. The methods of control of this pest are rotation 
of crops, burning or deep ploughing under of stubble when practicable, 
or harvesting of stubble in spring with a horserake and burning it 
before the adults emerge. 

The wheat straw-worm, Harmolita grandis, is often a serious pest 
of wheat west of the Mississippi River. In the East it is less injurious 
than the wheat joint-worm. There is a summer generation which 
consists only of winged females and a winter and spring generation 
which consists of both males and females. These are smaller than the 
summer form and are frequently wingless. The adults of the winter 
and spring generations emerge in April, and the females deposit their 
eggs in the young wheat plants; the larve eat out and totally destroy 
the forming heads of wheat. The adults of the second generation 
deposit their eggs about the time the wheat is heading, just above the 
youngest and most succulent joints which are not so covered by the 
enfolding leaf-sheaths as to be inaccessible to them. The larve 
pupate by October, and the winter is passed in the straw or stubble. 

Evoxyséma vitis infests the seeds of wild grapes and occasionally 
attacks cultivated varieties. Bruchdphagus funébris infests the seeds 
of red and crimson clovers and alfalfa. The genus Decdtoma attacks 
gall-making insects. Kileya parasitized Cecidomyiide. M acrorileya 
parasitizes the eggs of tree crickets. Axima lives as a parasite in the 
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nests of Ceratina dupla, the little carpenter bee. Eurytoma is a large 
genus parasitic.on many types of insects. A few species infest seeds. 
Recent revisions of United States species are: Harmolita, Proc. U.S. 
Nat. Mus. 1919, 55:433-471; Decatoma, Proc. U. S. Nat. Mus. 
1932, vol. 79, art. 28, 95 pages. For an account of the seed-infesting 
species see Crosby (09). 


SuBrAMILY ENCYRTINAD 


This is a large and diverse group parasitic on many kinds of 
insects. It can be recognized by the broad mesopleurum without the 
usual groove for the femur and by the large heavy spur on the middle 
tibia. This spur is used in jumping. Many parasitize Coccide, 
Aphide, and Aleyrodide. At least four highly successful cases of 
biological control are due to the introduction of these insects to para- 
sitize scale insects or mealy bugs. 

Polyembryony is a common phenomenon in the Encyrtinz and 
reaches its highest development in this group. The eggs of the poly- 
embryonic species are inserted into those of Lepidoptera. The para- 
site larve mature in the host caterpillar just before it pupates. 
Copidosoma truncatéllum is a common parasite of Autographa brassice, 
the cabbage looper. The female lays one or two eggs into the egg of 
Autégrapha. Usually the second egg deposited is without a sperm 
and is therefore unfertilized. Each egg develops inside the growing 
host caterpillar into hundreds of parasite larvee. The fertilized egg 
produces female larvee and the unfertilized egg produces male larve. 
Beside these sexual larvee which mature into adults, there are many 
sexless larvee in which the reproductive and respiratory systems are 
not developed. These die without maturing. The host larva is 
usually much larger than an unparasitized caterpillar and somewhat 
more sluggish. Just before pupation it is killed by its parasites which 
by that time practically fill its body. The parasite larve pupate in 
the skin of their host and emerge as adults through holes cut to the 
outside. Twelve hundred to three thousand may develop in a host. 
A single egg usually gives rise to about one thousand adults. 

Some Encyrtinz have the body rather long and narrow, the disc 
of the mesonotum more or less concave, and notauli present. These 
are often put in a separate subfamily, the Eupelmine. The species 
are mostly egg parasites or secondary parasites. They are good 
jumpers, and their peculiar ability to turn both the head and abdomen 
back over the thorax seems to be used to help them leap much as the 
click beetles use the movable prothorax for this purpose. Many 
have short wings with a joint at the middle so that they can be folded 
upwards when the abdomen is raised. 


SUBFAMILY CLEONYMINZE 


This is a relatively small heterogeneous group that is probably 
polyphyletic. The species that have been reared are mostly from 
Coleoptera. 
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SUBFAMILY LEUCOSPIDINZ& 


This subfamily includes the single genus Leucdspis in the Nearctic 
Region. Our only widespread species is L. dfflinis, a large black and 
yellow chalcid frequently found on flowers. It has been bred from 
nests of a leaf-cutter bee, Megachile. For a revision of the species 
see Weld: Proc. U. S. Nat. Mus. 1922, vol. 61, art. 6, 43 pages. 


SUBFAMILY MISCOGASTERINZE 


This group is related to the Pteromaline. It differs in having 
two instead of one spur on the hind tibia. Species have been bred 
from gall insects, dipterous larvae, and other hosts. 


SUBFAMILY PTEROMALINZA 


This is one of the larger subfamilies of the Chalcidide. Many 
of the species are of economic importance either as beneficial primary 
parasites of common pests or as harmful secondary parasites. 

Pteromalus puparum is a common parasite of the cabbage butter- 
fly. Oviposition is into the pupa. It is said that if a female Pteré- 
malus finds a caterpillar of this species preparing to pupate, she will 
wait patiently until the pupa is formed and will then oviposit into it. 
Many Pterdémalus larve develop in a single host. In afew weeks they 
become adults and emerge from a hole chewed in the pupal shell. 

Dibrachys bouchednus is a widespread species attacking many 
kinds of insects. The principal requirement for a host seems to be 
that it be enclosed in a cocoon. Since braconid and ichneumonid 
cocoons are the ones most commonly attacked, the species is usually 
a secondary parasite and therefore harmful. It is often reared from 
Apanteles cocoons. After a host cocoon is located and identified with 
the antenne, the female inserts her ovipositor and stings the enclosed 
larva or pupa once to several times until it is paralyzed. If the host 
is lying against the wall of the cocoon the female laps the juices that 
flow through the ovipositor puncture. If the host is away from the 
cocoon wall a feeding tube is constructed. To do this the female 
parasite pushes the tip of her ovipositor just through the cocoon wall. 
A mucilaginous substance then exudes from the tip of the ovipositor. 
Additional quantities of this substance are occasionally added as 
the ovipositor is slowly advanced toward the pupa. Eventually 
there is a mucilaginous tube enclosing the ovipositor from the cocoon 
wall to the paralyzed host. The ovipositor is withdrawn and the 
parasite then sucks the juices of the host through the tube. When 
she has finished feeding she seals the tube with a drop of the same 
material and then lays several eggs on the host. The habit of making 
a feeding tube is a common one among the Pteromaline. 


SuBFAMILY EULOPHIN® 


Species of this subfamily are very numerous and mostly quite 
small in size. They are diverse in habits and in host selection. 
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Eupléctrus platyhypene is a common parasite of army worms. It 
is unusual in being an external parasite of an exposed host. The 
eggs are deposited on the caterpillar’s skin in groups of about twenty 
to thirty. The larve form a compact mass with the heads attached 
to feeding holes in the skin of the host. The caterpillar does not die 
until they become mature and detach from their feeding holes. The 
parasites pupate under the dead host. 

Melittobia is common in the nests of solitary bees and wasps. 
The female gains access to the larval cell, stings the enclosed larva 
or pupa to paralyze it and then deposits her eggs on it. The parasite 
larve develop externally. Several generations develop on the same 
host before it is completely consumed. The males are short-winged 
and have the antenna modified into a pincher-like structure for hold- 
ing the female’s antenna during courtship. They are very pug- 
nacious and often kill each other in battle. The females are either 
short- or long-winged. 

Tetrdstichus is a large important genus parasitic on many kinds 
of insects. T. aspdragi oviposits in the eggs of the asparagus beetle. 
The beetle egg hatches and the larva lives to maturity but is killed 
in its pupal cell by its parasites. About a half dozen parasite larve 
develop in each host. 

A large and important group of Eulophine, sometimes put in the 
separate subfamily Aphelinine, are parasites of scale insects. A few 
attack aphids and aleyrodids. Several species of this group have 
been introduced into various countries to control certain species of 
scale insects and have proved remarkably efficient. In some species 
of Coccophagus and related genera the male and female larve are 
strikingly different in morphology and in habits. The male and 
female eggs also are different. The female larva develops as a primary 
parasite of a scale insect while the male larva is a secondary parasite 
in the scale, either upon a female larva of its own species or on some 
other chalcid. For a revision of Coccéphagus see Compere: Proc. 
U. S. Nat. Mus. 1931, vol. 78, art. 7, 132 pages. 


SUBFAMILY ELASMINA® 


Eldsmus is the only North American genus of the Elasminz. It 
contains small black or brown species somewhat triangular in cross 
section. Most species are solitary or gregarious external parasites of 
caterpillars. 


SUBFAMILY MYMARINA® 
The Fairy-flies 


The Mymarinz includes exceedingly minute species parasitic in 
the eggs of other insects. They may be recognized by the linear hind 
wings pedunculate at the base (Fig. 1169). Species of the genus Al- 
laptus are some of the smallest insects known. One has a body length 
of only 0.21 millimeters. The entire development of the Mymarinz 
is in the host egg. There are two larval instars of which the first is 
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cyclopoid, resembling that of the Scelionide. As many as fifty para- 
sites have been reared from a single egg, although one is the usual 
number. 


Fig. 1169.—Cosmocoma elegans. 


SUBFAMILY TRICHOGRAMMATIN® 


This subfamily comprises minute egg parasites with three-seg- 
mented tarsi. Trichogrémma evanéscens (= minttum) is an ubiquitous 
species parasitizing almost any insect egg that can be pierced with 
its ovipositor. It is an important parasite of many economic pests 
and has frequently been reared in insectaries for liberation in fields 
and orchards to control various insects. The success of these at- 
tempts has not been encouraging. Several other forms of Tricho- 
gramma resemble T. evanéscens very closely, differing somewhat in 
color and in length of the life cycle when reared at a constant tem- 
perature. Since they will not interbreed with T. evanéscens they are 
now regarded as distinct species. Hydrophylax aquivdlans is an 
aquatic species parasitic probably upon damsel fly eggs. It has 
narrow wings and uses them as oars for “‘flying”’ through the water. 
Some species of Trichogrammatinz have two larval instars, the first 
of cyclopoid form as in the Mymarine and Scelionide. Others havea 
single instar, a bag of cells with a mouth. This larva gets the egg 
contents on the inside of its body and then pupates. 


SuPERFAMILY EVANIOIDEA 
Famity EVANIID 


The Ensign-flies 


The family Evaniide is so distinctly separated from all other 
families of the Hymenoptera that it is regarded as constituting a 
separate superfamily. We have in this case a superfamily represented 
by a single family. 

The family Evaniide differs from all of the preceding families in 
the presence of a well-marked anal lobe in the hind wings (Fig. 1170) 
and it differs from all of the following families in that the petiole of 
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the abdomen is attached to the dorsal surface of ee propodeum (Fig. 
t171)*in=- 


stead of at 
the hind 
end of it, as 
it is in the 


following Fig. 1171.— 
families. Evania ap- 
Theab- pendigaster 
domen is 
short and carried aloft— 
HANES like a flag; this fact sug- 
Fig. 1170.—Wings of Evania appendigaster;1, anal gested the common name 
lobe. ensign-flies for these in- 
SEGES: 

The venation of the wings is greatly reduced, and in the hind 
wings there are no closed cells; the trochanters are two-segmented; 
and the ovipositor is not at all or but little exserted. 

All of the species are parasitic in the eggs of cockroaches. 

This family was monographed by Bradley (’o8) and Kieffer (’12) 
It is represented in our fauna by two genera, Evania and Hyptia. 


SUPERFAMILY VESPOIDEA 
The Vespoid-Wasps 


This superfamily is one of three superfamilies, the Evanioidea, 
the Vespoidea, and the Sphecoidea, in which the hind wings are 
typically furnished with an anal lobe; but in some of the more 
specialized members of the Vespoidea and of the Sphecoidea the anal 
lobe has been lost. This is the case in certain genera of the Formi- 
cide, Mutillidz, and Vespide; these exceptional forms can be placed 
by the table of families on pages 906 to gt5. 

The members of Vespoidea differ from the Evanioidea in that the 
petiole of the abdomen is attached to the hind end of the propodeum; 
and they differ from the Sphecoidea in that the lateral extensions of 
the pronotum, which reach the tegule (except in the Cleptide and 
Chrysididze), are not in the form of well-differentiated rounded lobes, 
as is the case in the Sphecoidea. See Figure 1195 on a later -page. 

The Vespoidea is represented in our fauna by fourteen families: 
these can be separated by the table of families referred to above 


Famity POMPILIDA 
The Spider-Wasps 
The members of this family are commonly called spider-wasps, 


because they provision their nests with spiders; this habit, however, is 
not distinctive as certain other wasps use spiders for this purpose. 
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The members of this family are slender in form, with long spiny 
legs, (Fig. 1172). The pronotum extends back on each side to the 
tegula; and the abdomen is sessile. Many of the 
species are of medium size, but some are very large; 
in fact, the largest of our Hymenoptera belong to 
this family. 

Most of the Pompilide make their nests in the 
ground. The wasp first finds a spider and stings it 
until it is paralyzed, and then digs a burrow, which 
is enlarged at the lower end, forming a cell for the 
reception of the spider; the spider is then dragged 
down into the cell and an egg attached to it; then 
the passage leading to the cell is filled with earth. Detailed accounts 
of the actions of these spider-wasps when making and provisioning 
their nests are given by Peckham and Peckham (’98) and by Rau 
and Rau (’r8). 

Among the giants of this family are the well-known tarantula- 
hawks of the genus Pépsis of the Southwest, which store their bur- 
rows with tarantulas. Many a hard-fought battle do these spider- 
wasps have with these enormous spiders, and sometimes they are 
conquered and ignominiously eaten. 

Not all members of this family are digger-wasps, for some are 
mason-wasps. The species of the genus Pseudagénia make thimble- 
shaped cells, of mud, attached to the lower surface of stones, in 
chinks of walls, under bark and in various other situations; and at 
least one species of Cerépales is said to be parasitic in the nests of 
Pseudagénia. 

More than one hundred species belonging to this family have been 
described from our fauna. A classification of the family was pub- 
lished by Banks (11). 

The family EMBOLEMIDZ includes only a few rare species the 
habits of which are unknown. 


Famity CLEPTIDA 


Fig. 1172.— A 
spider-wasp. 


Cleptes 


This family includes only the genus Cleptes, which was formerly 
included in the following family. But the genus Cleptes differs from 
the Chrysididz in that there are six exposed segments in the abdomen 
and the venter is convex. It is believed that these wasps are parasitic 
in the cocoons of saw-flies; as one of them infests the currant-worm 
in Europe. Several native species are found in the Far West. 


Famity CHRYSIDIDA 
The Cuckoo-Wasps 


The cuckoo-wasps are wonderfully beautiful creatures, being usu- 
ally a brilliant metallic green in color. The species are of moderate 
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size, the largest being only about 12 mm. in length. They can be 
distinguished from other Hymenoptera by the form of the abdomen, 
in which there are at most five and usually 
only three or four exposed segments (Fig. 
1173), and which is strongly concave below, 
so that it can be readily turned under the 
thorax and closely applied to it. In this 
way a cuckoo-wasp rolls itself into a ball 
when attacked leaving only its wings ex- 


posed. ; 
In this family and in the preceding one ri 
: : = Ce 
the antennez are 13-segmented in both sexes; ee eeu 


the pronotum does not reach the tegule; 
there are no closed cells in the hind wings; and the ovipositor is an 
extensile jointed tube. 

The cuckoo-wasps are so-called because they are parasitic in the 
nests of solitary wasps and solitary bees. A cuckoo-wasp seeks until 
it finds a wasp or bee, building its nest, and when the owner of the 
nest is off collecting provisions steals in and lays its egg, which the 
unconscious owner walls in with her own egg. Sometimes the cuckoo- 
wasp larva eats the rightful occupant of the nest, and sometimes 
starves it by eating up the food provided for it. The bees and 
wasps know this foe very well, and tender it so warm a reception that 
the brilliant-coated little rascal has reason enough to double itself up 
so the righteous sting of its assailant can find no hole in its armor. 
There is one instance on record where an outraged wasp, unable to 
sting one of the cuckoo-flies to death, gnawed off her wings and 
pitched her out on the ground. But the undaunted invader waited 
until the wasp departed for provisions, and then crawled up the post 
and laid her egg in the nest before she died. 

A monograph of the North American species was published by 
Aaron (85), one of the species of the world by Mocsary (’89), and 
another by Bischoff (’12). 

The family ANTHOBOSCID& is represented in North America 
by a single species, Szerolomérpha ambigua. ‘This is shining black, 
with an oval abdomen, the first segment of which is constricted off 
from the rest. It measures 4.5 to 6 mm. in length. 


Famity SAPYGIDA 
The Sapygids 


This is a small family including only three North American 
genera, and but little more than twenty species. These insects are of 
moderate size, with short legs, and are usually black, spotted or banded 
with yellow, rarely entirely black. So far as their habits are known. 
they are inquilines in the nests of solitary wasps and solitary bees, 

The family THYNNIDZ& is represented in our fauna by a single 
rare species of the genus Glyptométopa, found in California. 
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Famity TIPHIIDA 
The Tiphiids 


The tiphiids are quite closely related to the following family, the 
velvet-ants. Infact, some of the genera now included in the Tiphiide 
have been classed in the Mutillide. The characters separating these 
two families are indicated in the table of families of the Hymenoptera 
given above. The family Tiphiidz includes three subfamilies. 

The subfamily TIPHIIN is represented in our fauna by five 
genera; these are Pterombus, Epomidiopteron, Elis (Myzine), Tiphia, 

and Paratiphia. One of the most common species 
is Tiphia inornata (Fig. 1174). This is a shining 


black species; the male measures from 7 to 11 mm. 

in length and has an upward projecting spine near 

“zs the tip of the abdomen. The female measures 

Pion tr 74 Tiphic from 12 to 14 mm. in length. The accompanying 

Says ti TE figure represents a female; in this sex the anten- 

nze are curled much more than is indicated in the 

figure. This species is parasitic upon white-grubs, 

the larve of the May-beetles. For descriptions of species of Tiphia 
see Malloch (’18). 

The subfamily METHOCINZ! includes forms in which the two 
sexes are very dissimilar; the males are winged, the females are wing- 
less and resemble ants. Our only species is Methoca stygia. 

The subfamily MYRMOSIN includes two genera, Myrmésa and 
Myrmosula. The males are winged and the females are wingless. 
Our most common species is Myrmosa unicolor. The subfamily has 
been monographed by Bradley (17). 


Famity MUTILLIDA 


The Velvet-ants 


These handsome insects resemble ants in the general form of the 
body, but lack the scale-like knot of the pedicel of the abdomen 
characteristic of the true ants, although there is 
sometimes a constriction between the first and second 
abdominal segments (Fig. 1175). The body is often Pure) 
densely clothed with hair, which gives the insects the 
appearance of being clothed in velvet; and as the Fig. 1175. 
body is usually ringed or spotted with two or more 
strongly contrasting colors, they are very conspicuous. But in many 
species the body is naked. The colors most commonly worn by the 
velvet-ants are black and scarlet. The males are wingedand frequent 
flowers. The females are wingless, but they run veryrapidly and 
they sting severely. In the western states there are many straw yellow 
species, which are nocturnal. 

These insects are abundant in the warmer portions of our country, 
and several species occur in the North. A large species, Dasymutilla 
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occidéntalis, which measures from 16 to 30 mm. or more in length, is 
known in the South as the “‘cow-killer ant’’ because of the popular 
superstition that its sting is very dangerous to live stock. __ 

Andre (’03) states that the mutillids of which the habits have 
been observed are parasites of nest-building Hymenoptera in the cells 
of which they deposit their eggs. The larve attack those of the 
owners of the nest without touching the provisions which the cell 
may contain. 

In this country a species has been reared from the cells of the 
solitary bee, Nomia patteni, and one from the nests of the mud- 
dauber, Chalybion ceruleum. In Europe several species are parasitic 
in the nests of bumblebees; and in Africa several species have been 
found to be parasitic on the tsetse fly. 

The Mutillidze of North America have been monographed by Fox 
(99) and those of the Eastern United States by Bradley (16). 


Famity SCOLIIDA 
The Scoluids 


The scoliids are quite closely related to the preceding family but 
differ in their general appearance, resembling wasps rather than ants. 
They are parasitic on white grubs, the larve of Scarabeide. In 
their habits they do not exhibit as much intelligence as do most digger 
wasps; for they do not build nests and transport prey to them for 
their carnivorous larve. Instead of this they dig in the ground 
where the white grubs are, and finding one they sting it in order to 
paralyze it, work out a crude cell about it, and attach an egg toa 
ventral abdominal segment of the grub. The larva of the scoliid con- 
sumes the grub and then spins a cocoon and completes its development 
in this place. 

The members of this family are very striking in appearance, being 
of large size and with the abdomen marked with conspicuous spots. 
Two genera are represented in our fauna, Scédlia and Campsoméris 
(Elis). In Scolia the transverse part of vein Mg of the fore wings is 
wanting, in Campsomerts it is present. 


Famity FORMICIDAZ 
The Ants 


The great number of ants and their wide distribution render them 
the most familiar of all insects except perhaps the house-fly. As has 
been said by Professor Wheeler, an indefatigable investigator of these 
insects, “‘Ants are to be found everywhere, from the arctic regions to 
the tropics, from timberline on the loftiest mountains to the shifting 
sands of dunes and seashores, and from the dampest forests to the 
driest deserts. Not only do they outnumber in individuals all other 
terrestrial animals, but their colonies even in very circumscribed 
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localities often defy enumeration.’’ The present time has been termed 
the ‘age of insects” and of all insects the Formicide is the dominant 
family. 

The habits of ants have attracted the attention of students of 
animal behavior from very early times and many volumes have been 
written on this subject. Among those most often quoted and to be 
found in most public libraries are those of Gould (1747), P. Huber 
(1810), and Lubbock (1894). The most comprehensive contributions 
have been made by Forel and Emory, each of whom has published 
more than one hundred papers in various European journals, and by 
Wheeler in this country. Among the other American writers who 
have made important contributions to our knowledge of the ways of 
ants are Buckley, Miss Fielde, Leidy, Lincecum, McCook, Pricer, 
Mrs. Treat, and Turner. But the most important work on this sub- 
ject is Professor Wheeler’s ‘‘Ants, their Structure, Development and 
Behavior” (’10). In the following pages there is space for only the 
more important generalizations that can bemaderegarding this family. 

Ants are easily recognized by the well-known form of the body. 
The most distinctive feature is the form of the pedicel 


of the abdomen; this consists of either one or two 

BESS segments, and these segments are either nodiform 
=< _—_ or bear an erect or inclined scale (Fig. 1176). 

Fig. 1176. When the pedicel of the abdomen consists of a 


single segment it is known as the petiole; when it 
consists of two segments the first segment is termed the petiole and 
the second segment the postpetiole. The swollen portion of the ab- 
domen behind the pedicel is known as the gaster. 

Another striking characteristic of ants is that in the antennz of 
females and workers and of the males of some species the basal 
joint, the scape, is long and the antenne are abruptly elbowed at 
the extremity of this joint. 

The ants are all social insects, there being no solitary species. 
Each colony consists of three castes, the males, the female or queen, 
and the workers. As with the social bees and the social wasps, and 
unlike the termites, the workers are all modified females. With most 
ants the males and the queens are winged and the workers wingless; 
the wings of queens, however, are deciduous. In certain genera that 
live as parasites in the nests of other ants the worker caste is wanting, 
and in some species the females are wingless. 

With many ants the polymorphism is not restricted to the 
presence of three uniform castes for one or more of the castes may be 
represented by more than one form. Of the males there may be either 
an unusually large form, or dwarfs, or ergatoidmales, that is, males 
that resemble workers in having no wings and in the structure of the 
antennz. The queens exhibit a similar series of forms; those ot 
unusually large stature; dwarfs which are sometimes smaller than the 
largest workers; and ergatoid queens, which are a worker-like form, 
with ocelli, large eyes, and athorax more or less like that of the 
normal queens, but without wings. The workers are even more 
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polymorphic than the sexual forms. In many species the workers 
are of two distinct sizes, the worker majors and the worker minors. 
In colonies that are founded by an isolated female the first brood of 
workers is of the worker minor form. With many species a worker 
form exists in which the head and the mandibles are very large, the 
soldier caste. And with the honey-ants in some of the workers, the 
repletes, the gaster is a large spherical sac, being distended by the 
crop which is used as a reservoir for storing honey-dew to be used 
later by the colony. 


Although all ants are social, great differences exist among them 
as to the size of their colonies. In the more primitive species the 
fully developed colony consists of only a few dozen individuals with 
comparatively feeble caste development; while in the more highly 
specialized forms a colony may consist of hundreds of thousands of 
individuals and exhibit an elaborate polymorphism. 


The different species of ants differ also in their nesting habits. 
By far the greater number of species excavate their nests in the 
ground. Certain species are often seen burrowing in paths or other 
open places; but many more are to be found under small flat stones 
or other objects lying on the ground. Some species, especially those 
in which the colonies become large, build large mounds of the exca- 
vated material. These mounds are very familiar objects in many 
parts of our country. 


A striking difference between the nests of ants and those of wasps 
and bees is that the ants do not construct premanent cells for their 
brood. The eggs, larvee and pupe are stored in chambers of the nest 
and are moved from one to another in order to take advantage of 
the changes in temperature and moisture. Thus the brood may be 
brought near the surface of the nest during the warmer portion of the 
day and removed to deeper chambers at nightfall. 


While most species of ants nest in the soil, there are many that 
build their nests in wood, in timbers, in the trunks of decaying trees, 
in or under bark, or in hollow stems. Others, especially certain 
tropical species, build in cavities of living plants; and still others, as 
Cremastogaster, build carton nests. 


Large swarms of winged ants are often seen. These are composed 
of recently matured males and females that have emerged at the same 
time from many different nests, probably from all of the nests of the 
particular species involved that exist in the immediate region, and in 
which young queens and males have been developed. The object of 
these flights is mating, and they render probable the pairing of males 
and females from different nests, thus preventing too close inter- 
breeding. The factors that determine the occurrence of the nuptial 
flights from all the nests of a species in one locality at the same time 
are not understood. In the case of those species in which the female 
is wingless the mating must take place either in the nest or on the 
ground outside. 
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After the pairing of the sexes the males soon die and each female 
proceeds to found a new colony if she is not captured by workers 
and taken into a colony already established or finds her own way 
into one. Except among the parasitic ants the method of founding 
a colony is as follows: The female breaks off her wings; then seeks 
out a small cavity under a stone or under bark or makes one in the 
ground. She closes the entrance to this cavity and remains isolated 
without food for weeks or months while the eggs in her ovaries are 
developing. During this period there is a histolysis of the large 
wing-muscles the products of which are used as food. When the eggs 
are mature they are laid and the larve that hatch from them are fed 
by the female, or queen as she is termed, with her saliva till they 
are ready to pupate. As the young queen takes no food during this 
period, that fed the larve must be derived from the fat stored in her 
body and the dissolved wing-muscles. The adults that are developed 
from this first brood or larvee are workers, but owing to the limited 
amount of food that they have received they are abnormally small; 
that is, of the form known as worker minors. These open the chamber 
in which they were developed and go forth to collect food for them- 
selves and for the queen, and they take charge of the second brood 
of larve, which being supplied with abundant food develop into 
larger workers. The nest is now enlarged by the addition of new 
chambers and the growth of the colony continues. A few years later 
numerous males and females are developed, which at the proper time 
leave the nest for their nuptial flight. 

The method of founding colonies described above is the usual one. 
But in some species the females have lost the power of establishing 
a colony unaided and must be adopted by workers of her own species 
ort by workers of an alien species. The adoption of a queen by workers 
of an alien species explains the existence of some of the mixed colonies 
which are sometimes observed. The practice of slave-making de- 
scribed later, is the explanation of others. In certain highly parasitic 
species the worker class is wanting and the queens must become 
established in the nest of an alien species. 

The worker ants are so-called because upon this caste devolve all 
the labors of the colony after they appear on the scene in the founda- 
tion chamber. Asa rule workers are sterile; but sometimes, as with 
bees, and wasps, fertileworkers occur. It is believed that only males 
are developed from eggs laid by workers. 

The feeding habits of ants differ greatly in different members of 
the family. Some of the more primitive forms are strictly carnivo- 
rous, feeding on insects and other small animals that they can destroy ; 
while others add vegetable substances to their diet. Many feed on 
sweet fluids, as sap exuding from wounded stems, the nectar excreted 
by extrafloral nectar glands, and honey-dew produced by aphids, 
membracids, the larve of certain butterflies, and other insects, and 
the leaf-cutting ants cultivate fungi upon which they feed. 

Ants also lick their larvee in order to feed on the exudates excreted 
by them. This exchange of nourishment between the workers and 
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their wards, which is known as trophallaxis, is discussed in the 
chapter on Isoptera (pp. 279-280). 

The study of the habits of ants in the field is often supplemented 
by observations on colonies kept in artificial nests. Several types of 
such nests are in use; for descriptions of them see Wheeler (’ro). 

The family Formicidz includes seven subfamilies, all of which are 
represented in the United States; but two of these subfamilies, the 
Cerapachyinze and the Pseudomyrmine, are confined to tropical and 
subtropical regions and their range extends only into the southern 
part of our territory, where they are represented by only a very small 
number of species. The workers of the other subfamilies can be 
separated by the following table, which is based on one published by 
Professor Wheeler in ‘‘The Hymenoptera or Wasp-like Insects of 
Connecticut” (Vierick ’16). This work includes also tables of the 
genera and subgenera of ants found in America north of Mexico. 
For keys to the subfamilies, genera, and subgenera of the world see 
Wheeler (’22). 


KEY TO THE SUBFAMILIES OF ANTS 
(Includes only the workers) 


A. Anal orifice round, terminal, surrounded by a fringe of hairs; abdominal 
pedicel consisting of a single segment; no constriction between the first and 
second segments of the gaster; pupe rarely naked, most frequently in a co- 
COONS, PHOOF NA Ren hoy. fusion deicmel segs Soe prophet date ORE oem FORMICINZ 

AA. Anal orifice ventral, in the shape of a slit; pedicel of the abdomen con- 
sisting of one or two segments. 

B. Pedicel of the abdomen consisting of a single segment; no constriction 
between the first and second segments of the gaster; sting vestigial; pupz 
Naleed cg) Dr.9O2 gyoxceict teeror seeks ek en Miata emanate Pee DOLICHODERINZ 

BB. Pedicel of the abdomen consisting of one or two segments, when only of 
one, a distinct constriction between the first and second segments of the 
gaster, sting developed, sometimes very small but capable, nevertheless, of 
being exserted from the abdomen. 

C. Pedicel of the abdomen consisting of a single segment; gaster with a 
distinct constriction between its first and second segments; frontal carinz 
separated or close together, when close together, dilated to form oblique or 
horizontal lamine partly covering the insertions of the antenne; pups 
always enclosed in cocoons. p. 959...... CERAPACHYINA and PONERIN2 

CC. Abdominal pedicel consisting of two segments; pupe naked. 

D. Frontal carine very close together, almost vertical, not at all covering 
insertions of antenna; eyes always very small or absent; tropical and 
subtropicaloy p.-9582n .Ln.1 Aen I Is DOoRYLINZ 

DD. Frontal carine of a different conformation and covering the antennal 
insertions; eyes rarely vestigial or absent; cosmopolitan. p. 959, 960 
a orate Stace rae Re artrice es . PSEUDOMYRMIN& and MyRMICINA 


SUBFAMILY DORYLINZ 
The Legionary or Visiting Ants 


The members of this subfamily are largely confined to Equatorial 
Africa and tropical America. The colonies are nomadic, wandering 
from place to place in search of prey, and forming only temporary 
nests. Some of the species travel in vast armies and often overrun 
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houses in the tropics, clear out the vermin with which they may be 
infested, and compel the human inhabitants to leave for a time. 


The subfamily is represented in our fauna by a single genus, 
citon, species of which occur from North Carolina and Colorado 
southward. Our species, however, do not form large armies, though 
they hunt in files like the tropical species, and the colonies of some 
of the species may consist of thousands of individuals. Some of the 
species are fond of kidnapping the brood of other ants. The females 
are wingless and much larger than the workers. The workers are 
polymorphic. 


The subfamily CERAPACHYIN is represented in our fauna 
by two genera, Ceriipachys and Acanthéstichus, species of which occur 
in Texas. These genera were formerly included in the subfamily 
Ponerine. 


SUBFAMILY PONERINA® 
The Ponerine Ants 


In the ants of this subfamily the pedicel of the abdomen consists 
of a single segment and there is a distinct constriction between the 
first and second segments of the gaster (Fig. 
1177). The constriction between the first and 
second segments of the gaster distinguishes 
these ants from those other ants in which the 
pedicel of the abdomen consists of a single seg- 
ment. 


Fig. 1177.—A_ponerid. 


Our representatives of this subfamily are rare or of local occurrence 
in the North, where they form small colonies, often of a few dozen 
individuals. They make their nests in the soil or in old logs. Asa 
rule the queens are but little larger and the males but little smaller 
than the workers, and there is only a single form of worker in a 
species. The pupa stage is passed within a cocoon. These ants are 
carnivorous, feeding on other insects and do not collect honey-dew. 
In the South Odontomachus is common, forming large colonies of 
active ants of large size, under old logs. 


The subfamily PPEUDOMYRMIN includes four genera only 
one of which, Pseudomyrma, is represented in North America. This 
is a neotropical genus, species of which are found from Florida to 
Texas, and in southern California. They are very slender ants and 
make their nests in hollow twigs or other cavities of plants. The 
larvee are of a remarkable form; the body is long, the head large 
and ventrally placed, and the thoracic and first abdominal segments 
are furnished with peculiar exudatory papillae, which form a cluster 
about the mouth. These ants were formerly included in the sub- 
family Myrmicine. 


960 AN INTRODUCTION TO ENTOMOLOGY 


SuBraMILyY MYRMICIN® 
The Myrmicine Ants 


In this subfamily the pedicel of the abdomen consists of two 
segments (Fig. 1178) and the frontal carinze cover the antennal in- 
sertions. This is a large 
subfamily; more than 
half of the species of ants 
found in America north 
of Mexico belong to it. 
The following species will 
serve to illustrate the re- 
markable differences in 
habits of its different Fig. 1178.—A myrmicid. 
members. 

The little yellow house-ant, Monomérium pharadnis.—This is the 
species commonly known as the “‘little red ant” although it is light 
yellow in color. It is the most troublesome of all ants that invade 
our dwellings. When these ants build their nests within the walls 
or beneath the foundations of a house it is almost impossible to dis- 
lodge them. By trapping and destroying the workers their numbers 
can be lessened somewhat; but so long as the queens are undisturbed 
in their nests the supply of workers will continue. Sometimes the 
nests can be reached by pouring carbon bisulphid into the crevices 
from which the workers come. 

The thief ant, Solendpsis mélestus.—This is a species with minute 
yellow workers and much larger brown females and blackish males, 
which is common in open grassy places, where it may have independent 
nests under stones. But they often make burrows in the walls of 
nests of other and much larger ants, from which they emerge to prey 
upon the larve and pupz of the larger ants, which are unable to 
follow them into their tenuous burrows. 


The harvesting ants.—Several genera of myrmicine ants feed on 
seeds, and as they collect these seeds and store them in their nests 
they are known as harvesting ants. It was to these ants that Solomon 
referred. They have also been known as agricultural ants; for it was 
formerly believed that they sow around their nests seeds of the plants 
from which they collect the grain that they use. But this has been 
disproved. Most of our harvesting ants are confined to the warm 
and arid regions of the Southwest, where insect prey is scarce and 
the ants are compelled to feed on seeds. A single species, Pheidéle 
pilifera, which is a southern species, occurs along the coastal plain as 
far north as Massachusetts. 

The shed-builder ant, Cremastogaster lineolata.—In the tropics ants 
belonging to several genera build carton nests attached to branches 
of trees. One of these genera is Cremastogdster of which we have a 
common species, C. lineolata, in the Northern States and Canada. 
This is a small ant, the workers measuring from 3 to 4.5 mm. in length. 
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It is usually yellowish brown, with a black abdomen; but it varies 
greatly in color. Its favorite nesting-place is under stones or under- 
neath and within the decayed matter of old logs and stumps. Out 
of this material the ants sometimes make a paper-like pulp with 
which they build a nest attached to the side of a log, or even to the 
branches of a shrub at some distance from the ground. While such 
nests are uncommon these ants often build small sheds at some dis- 
tance from the nest, over the herds of aphids or coccids from which 
they obtain honey-dew (Fig. 1179). In these cases the aphids or 


at SNS 


Fig. 1179.—A ‘‘cow-shed” built by ants. (From A. B. Comstock, Handbook of 
Nature Study.) 


coccids are huddled together on a branch, from which they are de- 
riving their nourishment, and are completely covered by the “‘cow- 
shed” built by the ants. 

An inquiline or guest ant, Leptothorax emersoni.—This ant, the 
habits of which are described in detail by Wheeler, lives only associ- 
ated with another species, Myrmica brevinddts. The Myrmica “builds 
its nest in the soil of bogs, in clumps of moss (Polytrichum) or under 
logs and stones, and the Leptothorax excavates small cavities near 
the surface and communicating by means of short, tenuous galleries 
with those of its host. The broods of both species are brought up 
separately. The Leptothorax, though consorting freely with the 
Myrmica workers in their galleries, resents any intrusion of these ants 
into its own chambers. The inquilines do not leave the nest to forage 
but obtain all their food in a very interesting manner, from their 
hosts. Both in the natural and artificial nests the Leptothorax are 
seen to mount the backs of the Myrmicas and to lick or shampoo 
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their surfaces in a kind of feverish excitement. This shampooing has 
a two-fold object: to obtain the oleaginous salivary secretion with 
which the Myrmicas cover their bodies when they clean one another, 
and to induce these ants to regurgitate the liquid food stored in 
their crops.” 

The fungus-growing ants —Among the many remarkable examples 
of insect behavior none is more marvellous than the habits of the 
fungus-growing ants, although analogous habits are exhibited by 
certain termites and by the ambrosia beetles, discussed in earlier 
chapters of this book. 

The fungus-growing ants constitute one of the tribes, the Attii, 
of the Myrmicine, of which about too species, subspecies, and 
varieties have been described. They are confined almost exclusively 
to tropical and subtropical America; but one species is found as 
far north as New Jersey. Many accounts have been published re- 
garding these insects, which have been commonly known as the leaf- 
cutting ants or the parasol ants. These names were suggested by 
the fact that these ants cut pieces from the leaves of trees and carry 
them, like parasols, into their nests. 

The use that the ants make of the leaves that they carry into their 
nests was long a mystery. But it is now known that the leaves are 
used as a culture medium upon which they cultivate a fungus, which 
they eat and feed to their larve, and which is their only food. 

Professor Wheeler (’07 b) has published a monograph of the 
fungus-growing ants of North America in which is given a résumé of 
the writings of previous students of the Attii; and a chapter is de- 
voted to these insects in his volume on ‘‘Ants”’ (’r0). 


SuBFAMILY DOLICHODERIN/® 


In this subfamily, as in the following one, the pedicel of the ab- 
domen consists of a single segment and there is no constriction between 
the first and second segments of the gaster; but these ants can be dis- 
tinguished from the Formicine by the fact that the anal orifice is in 
the form of a slit. These ants, also, often possess in addition to the 
poison glands, anal glands which excrete a foul smelling, sticky fluid, 
which is used as a means of defense in theircombats with otherants. 

Only about a dozen species have been described from our fauna 
and most of these are southern. Certain tropical species build carton 
nests attached to trees and some of our species make carton nests 
under stones. The members of this subfamily are especially fond of 
honey-dew and attend aphids and coccids to secure it. Some of the 
species, ‘“‘establish their nests on or near the nests of larger ants and 
either feed on the refuse food or waylay the workers when they return 
home and compel them to give up their booty’? (Wheeler). The 
most important species of the subfamily in our fauna is the following. 

The Argentine ant, Iridomprmex humilis—This is an introduced 
species, which has become an exceedingly serious pest in the Gulf 
States and in Southern California. Its injuries are of two kinds: 
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first, as a household pest, entering and overrunning dwellings; and 
second, as an orchard pest. Its injuries in orchards are due to the 
fact that it protects aphids and coccids in order to secure the honey-. 
dew that they excrete. The ants drive away the insect enemies of 
the aphids and coccids, which as a result multiply to an abnormal 
extent. It has been found that this ant can be exterminated in 
houses and orchards by the use of an arsenical poisoned syrup. 
Detailed directions for the preparation and use of this syrup are given 
in bulletins published by the U. S. Department of Agriculture. 


SuBFAMILY FORMICINZ® 
The Typical Ants 


This subfamily is characterized by the form of the anal orifice, 
which is round, terminal, and surrounded by a fringe of hairs. The 
pedicel of the abdomen consists 
of a single segment and there is 
no constriction between the first 
and second segments of the gaster 
(Fig. 1180). The following are 
some of our more common species. 

The carpenter ant, Campo- 
notus herculeanus pennsylvanicus. 

Fig. 1180.—A formicid ant. —This is one of the largest of our 

common ants. It is the large 

black species that builds its nests in the timbers of buildings, in logs 

and in the trunks of trees. Frequently it builds in the dead interior 
of a living tree, excavating a complicated series of chambers. 

The mound-building ant, Formica exsectoides.—This species is the 
builder of our largest ant-hills; these are often one meter in height 
and two meters across, and sometimes they are much larger than this. 
New colonies are often formed by fission, a portion of the colony 
emigrating and founding a new colony with one or more queens. In 
this way many colonies are often established in a limited area. The 
head and thorax of this ant are rust-red, while the legs and abdomen 
are blackish brown. 

The blood-red slave-maker, Férmica sanguinea.—More than a 
century ago Pierre Huber called attention to the fact that this species 
which is common in both Europe and America, keeps in its nests 
the workers of other species of Formica, which aid in performing the 
labors of the colony. The relations of the two species thus associated 
have been commonly regarded as that of slaveholders and slaves. 
The slaveholders obtain their slaves by making periodical forays on 
the colonies of the common black Formica fusca, and of other species 
of Formica, and bringing to their own nest the worker larve and 
pupz. Some of these are eaten, but others are reared, and these 
knowing no other home take their place as active members of the 
colony. 
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In the blood-red slave-maker the gaster is black or brown and 
there is a notch in the margin of the clypeus. The nests of this 
species are low obscure mounds of earth orare excavated under stones 
or logs or around stumps. Many subspecies and varieties of this 
species are recognized, some of which do not keep slaves. 

The shining amazon, Polyérgus laicidus.—The species of the genus 
Polyergus were named amazons by Pierre Huber on account of their 
warring habits. Species of this genus occur in this country as well 
asin Europe. The shining amazon is a beautiful, brilliant red species 
widely distributed in the Eastern and Middle states. The species 
of this genus are slave-makers that have become absolutely dependent 
on their slaves. They cannot build their own nests or feed themselves 
or care for their young, but have only retained the power of fighting 
to get more slaves. Their mandibles are sickle-shaped and fitted 
only as weapons of offence. Like Formica sanguinea, these ants make 
periodical forays on the colonies of other species of Formica and carry 
home the worker larvee and pupe. The workers developed from 
these perform all of the labors of the colony except that of the making 
of forays on the colonies of other ants, in which they take no part. 
The young queens of Polyergus, being unable to work, establish new 
colonies of their species by securing adoption in some small weak 
colony of another species of Formica after killing its queen by piercing 
her head. 


The corn-field ant, Lasius niger americanus.—To the genus Lasius 
belong several common species of small brown ants that make smal! 
mounds in various situations. These ants are fond of honey-dew 
and not only care for the aphids from which they obtain it but collect 
the eggs of the aphids and store them in their nests through the winter, 
and in the spring place the recently hatched plant-lice on the stems 
and roots of the plants on which they feed. A well-known species 
of this genus is the corn-field ant, the habits of which are discussed in 
the account of the corn-root aphis, p. 419. 


The honey-ants, Myrmecocy¥stus. —The ants of this genus are found 
in the arid regions of the Southwest, from the city of Mexico to 
Southern California and to Denver, Colorado. They have received 
the name of honey-ants from the remarkable fact that with them 
some of the workers function as honey-pots or reservoirs for storing 
the honey-dew collected by other workers, from nectar excreting 
galls on trees and from aphids and coccids. The individuals in which 
the honey-dew is stored are known as repletes. 
The workers that collect the honey-dew swallow 
it and carry it in their crop to the nest. There 
they regurgitate it and feed it to a replete, which 
in turn swallows it and retains it in its crop. The 
crop of the replete becomes so greatly distended & : 
that the gaster becomes a translucent sphere, as Fig. 1181. 
large as a pea, on the surface of which the sclerites 
appear as isolated patches separated by the tense, pelucid, yellowish, 
intersegmental membrane (Fig. 1181). The repletes are unable to go 
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about but remain quiet clinging to the roof of a chamber of the nest. 
When the season for obtaining honey-dew is passed, these living cells 
disgorge their supply through their mouths, for the use of the colony. 

There are several species and subspecies of MW yrmecocystus in some 
of which the replete form has not been found. 


Famity BETHYLIDA 
The Bethylids 


This is a large family of parasitic wasps, including many genera 
and species. The family is widely distributed, representatives of it 
being found in all parts of the world. Our species are of small or 
moderate size. Those whose habits are known prey upon either 
coleopterous or lepidopterous larve, and before pupating most of 
them spin cocoons. 

In this family there are eight exposed segments in the abdomen, 
the petiolar segment is very short and scarcely perceptible, and the 
Ovipositor is a true sting. The majority of genera comprise species 
that are winged in both sexes; but in a few genera the males alone 
are winged. Someof the wingless females are ant-like in appearance. 

Among those species that prey upon important insect pests are 
Neosclerodérma tarsalis, which is parasitic on the beetle, Silvanus 
surinaménsis, and an undescribed species of Gonidzus, which is 
parasitic on the codlin-moth in Kansas. A detailed account of the 
life-history of Lelius trogodérmatis, which is an external parasite of 
dermestid larve, is given by Howard (’o1). This family was mono- 
graphed by Kieffer (’14). 

The family RHOPALOSOMID& although widely distributed is 
a very small family. It is represented in our fauna by Rhopaloséma 
poéyi, the larva of which was found by Hood (’13) to be an external 
parasite of a bush-cricket, Ordcharis saltator, in Maryland. The 
adult is nocturnal; it has very large eyes and ocelli, and the petiole 
of the abdomen is long and slender. 


Famity VESPID/A 
The Typical Wasps or Diploptera 


The family Vespide includes our most familiar wasps, the hornets, 
and the yellow-jackets, and their near allies. All members of this 
family are winged and nearly all of them when at rest fold their wings 
lengthwise like a fan; for this reason they are often termed the Diplop- 
tera or the diplopterous wasps. In the habit of folding their wings 
when at rest, the typical wasps differ from all other Hymenoptera 
except the Gasteruptiide, the chalcid genus Leucdspis and the 
genus Galesus of the family Belytide. In this family the lateral ex- 
tensions of the pronotum are angular extensions behind and above the 
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tegule; cell M, of the fore wings is longer than cell Cu+Cu 
(Fig. 1182); and there are closed cells in the hind wings. 

The typical wasps found in America north of Mexico represent 
seven subfamilies of the family Vespide. These can be separated 


Fig. 1182.—Wings of Vespa diabolica: pr. 1, preanal lobe; pr. exc., preaxillary 
excision. (From Bradley.) 


by the following table, for which I am indebted to Professor J. C. 
Bradley. 


A. Fore wings with two submarginal cells; antenne clavate. p.967..MASARINA@ 
AA. Fore wings with three submarginal cells. 

B. Vein M, + Cu, of the fore wings elongate (Fig. 1183); cell Ms; four-sided; 
Wekmecyrnoys jolewansos, TO Cloy/gonAhic donc Coro aacp oo mpotmcage ous EUPARAGIIN 
BB. Vein M4 + Cu, of the fore wings exceedingly short (Fig. 1189); cell M3 a 
scalene triangle (Fig. 1189); wings longitudinally plaited when at rest. 

C. Hind wings with an anal lobe (Fig. 1189). 
D. Tarsal claws bifid; middle tibize with one apical spur; solitary wasps 

without a worker caste. 

E. Mandibles short, obliquely truncate and toothed at the apex, 
folding above each other beneath the clypeus or very slightly crossing; 
head quadrate; abdomen petiolate, the apex of the petiole globose 
and strongly constricted before the second segment. p. 968. ZETHINE 

EE. Mandibles elongate, crossing each other or placed parallel in a 
long sharp beak; if the abdomen is petiolate the head is transverse. 
OS 8:6 Re Ee See ea RO IS RATING coe Hocico Wicthd Adon Ghiecte OO EUMENIN2 

DD. Tarsal claws simple; middle tibia with two apical spurs; social 
wasps building open or closed paper nests. 

E. Extensory muscle of the abdomen fixed on the thorax in an oval 
slit between the apical scales of the propodeum; the slit always 
broadly rounded at its upper angles. p. 973.......... EPIPONINE 

EE. Extensory muscle of the abdomen fixed on the thorax in a narrow 
and much compressed slit between the apical scales of the propodeum. 
Ws, O74 acai Wtesucgsnsce mous apt ap ticae 3S ee eee a oe eee ee em POLISTIN& 

CC. Hind wings without an anal lobe, somewhat stalked (Fig. 1182); ab- 
domen conical; social wasps with a worker caste, building closed paper 

nests; tarsal claws simple; middle tibiz with two apical spurs. p. 975 
Ce Tt Cn Ie Fs IIA Cah SOU oe dad bone VESPIN@ 

If we take into account only the habits of these insects the sub- 
families of the typical wasps can be separated into two groups, the 
solitary Diploptera, those in which a single female makes a nest for 
her young, and the social Diploptera or social wasps, in which many 
individuals work together to make a nest. This grouping of the 
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subfamilies, however, is not regarded as a natural division of the 
family Vespide, as each of the two groups is believed to be poly- 
phyletic, and too, F. X. Williams (’19) has shown that in the genus 
Stenogaster, found in the Oriental and Australian regions, some species 
are solitary and others are social; but this grouping is useful in a 
discussion of the habits of these insects 


THE SOLITARY DIPLOPTERA 


The subfamily EUPARAGIINZ includes the genus Euparagia, 
two species of which are found in the Southwest. These wasps differ 
from other Vespide 
in that cell Ms; of the 
fore wings is four-sid- 
ed (Fig. 1183). Very 
little is known regard- 
ing the habits of these 
insects. For figures 
and descriptions of 
the species see Brad-' 
ley (22). 

The subfamily 
MASARIN Aisa very 
widely distributed 

=> group but it is repre- 

Fig. 1183.—Wings of Euparagia scutellaris. (After sented in our fauna 

Bradley.) only by the genus 

Pseudomasarts, of 

which thirteen species have been described; these are found in the 

Far West and Southwest. In these wasps there are only two sub- 

marginal cells in the fore wings and the antenne are clavate. The 
North American species were monographed by Bradley (’22). 

There are but few accounts of the nest-building habits of masarid 
wasps. Giraud (’71) describes the habits of Cerdmius lusitanicus, a 
species found in France. This is a mining wasp, which digs a burrow 
in the ground, leading to a cell, in which the larva lives. The larva 
is fed by the mother, who brings to it from time to time a supply of 
a paste, described as being somewhat like dried honey. When the 
larva is full-grown it lines its cell with a layer of silk, otherwise the 
pupa is naked. 

Ferton (’10) describes the habits of Celonites abbrevidtus, another 
species found in France. This isa mason wasp, which makes earthen 
cells attached to the sides of rocks or to stems of plants. A figure of 
one of these nests is given by Sharp (’99) page 89. In this figure 
the cells are represented as opening downward. ‘This species also 
provisions its nest with a paste made of pollen and honey; and the 
full-grown larva lines its cell with sill. 

The most remarkable feature in the habits of these two species 
is that they provision their nests with a paste made of pollen and 
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honey. In this respect they differ from other solitary wasps in the 
same way that the solitary bees differ from other sphecoid wasps. 
But this difference in habits is not true of all masarid wasps as is 
shown by the habits of the following species, which provisions its 
nests with larve. 


The only published account of the nest-building habits of an 
American masarid is that by Dr. Anstruther Davidson (’13) who 
described the nest of Pseudomdsaris vespoides. This is our largest 
and most handsome species; it measures from 15 to 22 mm. in length, 
is black marked with yellow, and is widely distributed in the Far 
West; but is not common. Dr. Davidson’s account of the nest 
follows. 


Their nests, a combination of cells as shown in the accompanying illustration, 
are built after the manner of the common mud dauber wasp and when completed 
are plastered over with a further layer of clay. They are usually attached toa 
twig in a low bush, the one in the illustration being found on a Audibertia shrub. 
When the cell is completed the opening is closed by a stopper of clay which is, 
however, always depressed below the rim of the cell so that the top shows as a 
series of miniature cups. The clay used is that common to the neighborhood, 
but in the process of building it is mixed with some secretion that makes the whole 
of such stony hardness, that it seems impossible any insect could possibly cut its 
way through it. Perhaps the cup shaped depression on top may be a device to 
conserve the rain necessary to soften the stopper and render the exit of the wasp 
possible. That rain or excessive moisture is necessary before the insect can 
successfully emerge is suggested by the results attained in indoor hatching. 
In those nests kept indoors in dry receptacles while the wasp usually attains the 
mature state, it only exceptionally cuts its way out. Kept under these conditions 
the larve do not always mature in the following spring as the following record 
makes evident. Of a cluster of cells gathered in June, 1902; in April, 1903, I 
opened two of them to find one had pupated while the other was still in the larval 
state. It remained in this state till March, 1905, when it died. The other cells 
were then opened, one contained a live larva, the other four or five contained 
perfect insects all dead, apparently unable to emerge. The capability of insects to 
survive for more than one season in the larval stage is probably an evolutionary 
acquirement, and a necessity to those insects living on a food supply that is 
wholly dependent on climatic conditions. As the writer has shown elsewhere in re- 
cording a similar experience with Anthidium consimile, this is a very necessary 
acquirement in a country where, as sometimes happens, no rain at all may fall, 
and no food supply would in those seasons be available. The cells are stored with 
small larvee of what species I am unable to determine. 


As in the nests of the European species, the cells are lined with a 
layer of silk. Figure 1184, a represents a nest given me by Professor 
Doane of Stanford University; this is an incomplete nest in which 
the cells have not been plastered over with an additional layer of 
clay; Fig. 1184, b is a diagram of a longitudinal section of a single 
cell showing the cup at the upper end; Figure 1184, c represents 
a completed nest; this was given me by Dr. Davidson. 

The subfamily ZETHIN A is represented in our fauna by a single 
genus Zethus. of which there are two species, Zéthus spinipes and 


Zethus slossbne, common in the southeastern part of the United 
States. 


Ashmead (’94) states that our Zeéthus spinipes builds globular cells 
of clay or sand and mud mixed, which are attached by a small pedicel 
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to some shrub or tree. I find no other account of the habits of this 
species, and the other species of Zethus the habits of which have been 
described build nests of a very different type. Saussure (’7s) states 
that Zéthus romandinus, found in Cayenne, ‘‘constructs with woody 
fibres and gummy materials several rounded cells, with thick walls 
toward the bottom and irregularly united, recalling a little those of 
Bombus.”” Ducke (’14) describes and figures the nest of a Brazilian 
species, Zéthus lobulatus. This nest consists of a long mass of cells, 
suspended from a twig and is composed of fragments of leaves cement- 


Fig. 1184.—Nests of Pesudomasaris vespoides: a, incomplete nest; b, diagram of a 
cell showing the cup at the upper end; c, completed nest. 


ed together by a resinous substance. Williams (’19) describes the 
nest of Zéthus cyanépterus, which he observed in the Philippines; this 
nest is made of bits of leaves which “‘are chewed along one or more 
of their edges which makes them adhere the more firmly to the nest.” 
This author says nothing about the use of a gummy material for 
cementing together the fragments of leaves. 


SuBFAMILY EUMENINA® 
The Eumenids 


This subfamily includes by far the greater number of our species 
of the solitary Diploptera; and is represented in our fauna by about 
eight genera. The distinguishing features of these wasps are indicated 
in the table of subfamilies given above. 
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The different species of eumenids differ greatly in habits; many 
are miners digging burrows in the earth leading to cells in which pro- 
visions are placed fortheir young; some make burrowsin wood, which 
they divide into cells by partitions of mud; some build their nests 
in the stems of pithy plants or make use of any suitable cavity that 
they find; and others are mason or potter-wasps, making cells of 
earth, which are built in holes, or on the surface of the ground, or 
attached to twigs. 

Although the adult eumenids do not confine themselves to a 
carnivorous diet but often visit flowers to obtain nectar, they ail 
provision their nests with insects, which they have paralyzed with 
their sting; usually only a single species of caterpillar is used for this 
purpose by each wasp. 

A remarkable feature that has been observed in the nesting habit 
of many eumenids and perhaps is true of all, is that after the cell is 
prepared the egg is suspended by a slender thread from the ceiling 
or side of the cell. In some cases, at least, this is done before the pro- 
visioning of the nest is begun. An African species, Odynérus tropicalis, 
the habits of which are described by Roubaud (’16) does not provision 
its cell with prey amassed in advance, but feeds its larva from day to 
day with small, entire, paralyzed caterpillars, and does not close the 
cell until the larva has completed its growth. 

The following examples will serve as illustrations of the habits of 
members of the subfamily. Among the more detailed accounts of the 
activities of some of our species are those of Peckham and Peckham 
Cos), Hartman (’os), Isley (’13) and Rau and Rau (’18). Fora 
general account of the habits of these insects see Roubaud (’16). 

Odynerus.—The greater number of our species of eumenids belong 
to the genus Odynérus. In this genus the abdomen is sessile. The 
shape of the body and frequently the coloration resemble those of 
the social wasps known as yellow-jackets, although usually the body 
is more slender and smaller. The common species are quite neighbor- 
ly; and, owing to this resemblance to the yellow-jackets they inspire 
us with a fear that is out of all proportion 
to their will or ability to inflict pain. 

Many species of Odynerus are miners. 
Their burrows are to be found both in level 
ground and in the sides of cliffs. Branch- 
ing from these burrows are short passages, 
each leading to a cell, from the ceiling of 
which an egg is suspended by a slender 
thread; andin which foodisstored forthe Fig. 1185.—Turret over the 
larva. Inthe species that have been stud- burrow of Odynerus_gem- 
ied, this food consists of small, paralyzed —- ”#.._ (After Rau and Rau.) 
caterpillars. Some of the mining species 
while digging the burrow build a turret over the entrance of it, made of 
pellets of mud removed from the burrow; one of these turrets is 
figured by the Raus (Fig. 1185). The material of which the turret is 
composed is used to fill up the burrow after the cells are finished. 
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In digging the burrow and in tearing down the turret the earth is 
softened with water, which the wasp brings in her mouth from some 
pool or stream. 


Not all species of Odynerus mine in the ground; many burrow in 
the stems of pithy plants, making a series of cells separated by parti- 
tions of mud; other species will avail themselves of any convenient 
cavity in which to make their nest, frequently utilizing the deserted 
nests of the sphecoid-wasps known as mud-daubers. In this case a 


Fig. 1186.—Eumenes fraternus and its nests. 


single cell of a mud-dauber is divided by a transverse partition, mak- 
ing two cells for the smaller Odynerus. One year these wasps plastered 
up many of the keyholes in our house, including those in bureaus. 


Some species of Odynerus are masons constructing nests entirely 
of mud. One of our species, Odynérus birenimaculatus, makes a nest 
about the size of a hen’s egg. This is composed of hard clay, fastened 
to a twig of a bush, and contains many cells. 

The jug-builders, Eumenes.—The 
wasps of the typical genus of this sub- 
family are potter-wasps which build nests 
that appear like miniature water-jugs. 
The nests of our common species, Hiimenes 
fratérnus, are often found attached to 
twigs (Fig. 1186). In this genus the ab- 
domen of the adult is petiolate. These 
wasps provision their nests with cater- 
; ’ pillars and frequently with cankerworms. 

Fig. , 1187.—Monobia quad- Fabre, who studied the habits of a 

feocine European species of Eumenes observed 
what goes on within the nest by making a window in the side of it. 
The egg is suspended from the ceiling of the nest by a slender thread; 
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when the larva hatches it at first makes use of the egg-shell as its 


habitation and stretches down to feed on the 
caterpillar below it; if disturbed it retreats up 
its support. Later when the larva has increased 
in size and strength it descends to the mass of 
food. 

Monobia quddridens.—This species (Fig. 1187) 
is common in most of the states east of the Missis- 
sippi. It is larger than the jug-builders, and the 
abdomen of the adult is sessile. Figure 1188 repre- 
sents a nest of this species, now in the Cornell 
University collection, which was made in a board 
in the side of a barn. The partitions are made of 
mud. Each cell contained a pupa when the nest 
was opened, hence it was not evident what the 
food of the larve had been; but several observers 
state that this species stores its nests with large 
cutworms; and it is doubted that this species is a 
carpenter-wasp. It seems probable that the nest 
figured here was made in a deserted burrow of the 
large carpenter-bee, Xylocopa virginica. It differs 
from a nest of this bee only in that the partitions 
are made of mud. 


THE SOCIAL WASPS 


Since the social Diploptera are the only wasps 
that are social they are commonly referred to as 
the social wasps instead of the more technical 
name. 

As with the ants the colonies of social wasps 
consist of three castes, the female or queen, the 
workers, and during the later part of the season, 
the males. The workers are females in which the 
reproductive organs are imperfectly developed. 
In the genus Belonogaster a worker caste is be- 
lieved to be lacking. In Polistes it is very difficult 
to make a distinction between females and work~ 
ers, for they can apparently all become fertile. 

In the temperate regions the colonies exist 
for only one season; the males and the workers 
die in the autumn; the females hibernate and each 
starts a new colony in the spring. At first the fe. 
male performs the functions of both worker and 
queen, starting the building of the nest and laying 
the eggs. In the early part of the season only 
workers are developed; after they appear they 
carry on the labors of the colony, expanding the 


I it we 


Fig. 1188.—Nest of 
Monobia quadri- 
dens, 


nest and procuring the food for the larve; the only function of the 
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queen then is to produce the eggs. In the later part of the season 
males and females are developed. 

_ The social wasps are predacious, and they feed their larvee upon 
insects which they have malaxated. The wasps are also fond of the 
sweets of flowers, the juices of fruits, and of noney-dew. They also 
feed upon a liquid which the wasp larva emits from its mouth. This 
exchange of nourishment between the larvee and the adults, termed 
trophallaxis, is discussed in the Chapter on Isoptera, page 270. 

In the temperate regions the multiplication of colonies is brought 
about by the production of many males and females in the nest in the 
later part of the season; these pair, the females hibernate, and each 
female founds a new colony in the spring. But in the Tropics many 
of the Epiponinze form large perennial colonies, which from time to 
time give off swarms, in a way quite similar to the well-known 
swarming of the honey-bee. 

Representatives of three of the subfamilies of social wasps are 
found in America north of Mexico. The distinguishing characters 
zn these are indicated in the table of subfamilies of the Vespide given 
above. 


SuBFAMILY EPIPONIN/® 


This is a Jarge group of wasps including a great variety of forms, 
Which exhibit great differences in the architecture of their nests. 


Fig. 1189.—Wings of Mischocyttarus labiatus: pl, posterior or anal lobe; ax. exc., 
axillary excision. (From Bradley.) 


The species are mostly confined to tropical America; but three 
are found in the southern portions of the United States. Figure 1189 
represents the venation of the wings of Mischocyttarus labiatus. 
Brachygistra lecheguana.—This species is found within the limits 
of our territory only along the Mexican border. Its nest resembles 
in form externally those of hornets (Vespa) but the combs are attached 
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to the envelope. This wasp is especially interesting from the fact 
that it frequently stores honey in the combs of its nest; but the 
honey is probably not an exclusive or essential constituent of the larval 
food. 

Mischocyttarus.—This tropical genus is represented in our fauna 
by two species, one, Mischocyttarus cubénsis, found in Florida and in 
Southern Georgia, one, Mischocyttarus flavitarsis, found in the South- 
west, Colorado, and California. 

These wasps make small, few-celled paper nests, without an en- 
velope like those of Polistes; but the wasps are easily distinguished 
from Polistes by the form of the first segment of the abdomen which 
is slender and elongate, forming a pedicel. The nests of M. cubensis 
are found on palmetto leaves. 


SuBFAMILY POLISTINA 
Polistes 


The wasps of the genus Polistes and their nests are very familiar 
objects. The nests consist each of a single comb suspended by a 
peduncle, and the comb is not enclosed in an envelope (Fig. 1190). 
These nestsare often built under the eaves of buildings, in garrets, and 
in sheds and barns; they are also often made under flat stones in fields, 
and sometimes attached to bushes. The combs of our species of 
Polistes are horizontal; but the nests of Polistes lineadtus, which I 


Fig. 1190.—Nest of Polistes. Fig. 1191.—Polistes. 


found hanging from the ceiling of a cave in Cuba, are long, narrow, 
vertical combs, from one to two inches in width and from twelve to 
eighteen inches in length. 

The nests are made of a grayish paper-like material, composed of 
fibers of weather-worn wood, which the wasps collect from the sides 
of unpainted buildings, fences, and other places, and convert into a 
paste by the action of the jaws and the addition of some fluid, prob- 
ably an oral secretion. The nests of Polistes are usually comparatively 
small; but some have been found in Texas that measured more than 
a foot in diameter. 

In this genus the abdomen is long and spindle-shaped (Fig. 1191). 
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Several of the species are known to store small quantities of honey 
in their combs. 
These wasps are often infested by stylopids. 


SUBFAMILY VESPINAZD 
The Hornets and the Yellow- Jackets 


This subfamily includes those wasps that are commonly known 
as hornets and the yellow-jackets. With these insects the body is 


Fig. 1192.— 
Vespa. 


comparatively 
short and rather 
stout (Fig. 1192); 
the abdomen is at- 
tached to the thor- 
ax by a very short 
pedicel; and the 
color is black, spot- 
ted and banded 
with yellow or yel- 
lowish white. The 
membersofthissub- 
family differ from 
other vespoid wasps 
in that the hind 
wings are without 
an anal lobe (Fig. 
1182). 

These wasps 
make their nests of ‘ nf ad aoe ee 

i i ig. 1193.—Nest of Vespa, with side removed. rom 

ea Ue ie ¥e HE hone Hendueek of Nature Study.) ( 
posed of fibers of 
weather-worn wood, like that of Polistes described above, in other 
cases of fragments of more or less decayed wood. These nests consist 
of a series of horizontal combs suspended one below another and all 
enclosed in a paper envelope (Fig. 1193). 

When the wasps wish to enlarge their nest they remove the inner 
layers of the envelope, and add to the sides of the combs, build addi- 
tional combs below, and put on new layers on the outside of the 
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envelope. By these additions the nest may become of large size by 
the end of the season. 

Very small empty nests consisting of a single comb with but few 
cells and enclosed in an envelope of only one or two layers of paper 
are often found (Fig. 1194). 
Such a nest is evidence of a trag- 
edy. A queen wasp, in the 
spring, had started to found a 
colony. It was necessary for her 
to go back and forth in the fields 
collecting material for her nest 
and food for her larvae; and be- 
fore a brood of workers were de- 
veloped to relieve her of this 
dangerous occupation she became 
the prey of some bird and the de- 
velopment of the colony was 
wrecked. 

Two quite different types of 
nests are made by different spe- 
cies of these wasps, and these are 
made in quite different situations. 
One kind is built above ground; 
these are attached to bushes or 
trees, or beneath the eaves of 
buildings; they are made of a 
grayish paper composed of fibers of weather-worn but not decayed 
wood. This paper is comparatively strong, so that the envelope of 
the nest is composed of sheets of paper of considerable size, a single 
sheet often completely enveloping the nest. 

The other kind of nest is built in a hole in the ground, which is 
enlarged by the wasps as they need more room for the expansion of 
the nest. The paper of which these nests are made is brownish in 
color and is made out of partially decayed wood; it is very fragile 
and would not be suitable, therefore, for use in nests built in exposed 
places. Even though the nest is built in a protected place, the use 
of this fragile material necessitates a different style of architecture. 
The enveloping layers of the nest, instead of being composed of sheets 
of considerable size, are made up of small, overlapping, shell-like 
portions, each firmly joined by its edges to the underlying parts. 

_ If a completed hornet’s or yellow-jacket’s nest be examined it 
will be found that some of the later-built combs consist wholly or in 
part of cells that are larger than those in the first-made combs: the 
smaller cells are those in which workers were developed; the larger 
ones those in which the sexual forms were reared. 

It has been found that at least two species of this subfamily are 
social parasites. In these species the worker caste has been lost 
there being only males and females. The female enters the nest of 
another species of Vespa and lavs her eggs, and her larve are reared 


Fig. 1194.—Early stage of nest of Vespa. 
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by the rightful owners of the nest. The species that are known to 
be parasites are Véspa drctica, which infests the nests of Véspa 
diabolica, and Vespa austriaca. which infests the nests of Véspa riifa 
in Europe. Vespa austriaca as been found in this country but Vespa 
rufa is not known to occur here. The American host of Vespa 
austriaca has not been definitely ascertained, but is thought to be 
Véspa consdbrina. See Wheeler and Taylor (’21). 

The members of the subfamily Vespinz found within the limits 
of our territory are commonly included in a single genus, Vespa; but 
some writers place all of our species except Vespa crabro in a separate 
genus Vespula; Only a few of our species can be mentioned here. 

The giant hornet, Véspa crabro.—This is our largest species, 
measuring from 18 to 22 mm. in length. It is brown and yellow in 
color and is found around New York City, on Long Island, and in 
Connecticut. It builds its nests in hollow trees and within buildings 
suspended from the roof. 

The white-faced hornet, Véspa maculata.—This is the common, 
large black and white hornet. It is widely distributed in the United 
States and Canada. The nest, which is sometimes very large is 
usually attached to the limb of a tree. 

The yellow-jackets——This common name is applied to several 
small, black and yellow species of Vespa, which are so closely related 
that it is difficult to distinguish them. Most of the species build 
their nests in the ground; these are the brownish paper nests described 
above. Sometimes the nest is built in a stump or under some object 
lying on the ground. On one occasion | found a fine large nest under 
the base-board of one of my bee-hives, and into which I inadvertantly 
thrust my toes, with sad results, while examining the hive. The nest 
is now in the Cornell collection. 


SUPERFAMILY SPHECOIDEA 
The Sphecoid-wasps and the Bees 


The superfamily Sphecoidea resembles the two preceding super- 
families in the presence of an anal lobe in the hind wings, except in 


Fig. T195—A, Head and thorax of a vespoid-wasp, p, pronotum; /, tegula. B, 
Head and thorax of a sphecoid-wasp, », pronotum, . /., posterior lobe of the 
pronotum; ¢, tegula. 


some specialized genera of the Ampulicidz and some bees; it differs 
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from the Evanioidea in that the petiole of the abdomen is attached 
to the hind end of the propodeum; and it differs from the Vespoidea 
in that there is on each side a lateral extension of the pronotum in 
the form of a distinctly differentiated rounded lobe, which covers 
the spiracle (Fig. 1195, B); these lobes are known as the posterior 
lobes of the pronotum; they do not reach the tegulz except in some 
Dryinidz and Ampulicide. ‘These exceptional forms can be placed 
in their families by the table on pages go6 to 914. 

The families constituting the superfamily Sphecoidea, which can 
be separated by the table referred to above, represent two quite dis- 
tinct groups of families, known respectively as the sphecoid-wasps 
and the bees. These two groups of families are distinguished as 
follows. 


A. First segment of the posterior tarsi cylindrical and naked; or with but little 
hair; hairs clothing the thorax simple; nests provisioned with animal food. 
Diss GZS .savtherene heist Senent euraey oe ts lekscticl Sin cl cae omen THE SPHECOID-WASPS 

AA. First segment of the posterior tarsi elongate and dilated; some of the hairs, 
especially of the thorax, plumose; nests provisioned with honey and pollen. 
THO hon Gbin noc COMOROS EO OSU ao Ho ACOSO PAGO ODO OU MATHSS THE BEES 


THE SPHECOID-WASPS 


The group known as the Sphecoid-wasps includes three families, 
the Ampulicide, the Dryinide, and the Sphecide. These three fam- 
ilies and certain families of the Vespoidea were formerly classed to- 
gether as the Fossores or digger-wasps; which names were suggested 
by the fact that most of the species belonging to these families make 
nests for their young by digging burrows in the ground or in wood. 
But this group is no longer regarded as a natural one notwithstanding 
the striking similarity in habits exhibited by its members. 

The family AMPULICIDZ is represented in our fauna by only 
two genera, Khindpsis and Dolichtrus, the species of which are very 
rare. So far as is known the members of this family prey on cock- 
roaches, with which they store their nests. 


Famity DRYINIDZ& 
The Dryinids 


This family is composed of small parasitic wasps; it is widely 
distributed over the world and is represented in our fauna by many 
genera. 

The fore wings have a lanceolate or ovate stigma; the hind wings 
are without closed cells; the antenne consist of ten segments, the 
anterior tarsi of the female are usually chelate; and either the pro- 
notum has a longitudinal sulcus or the antennz are borne close to 
the clypeus. The females of the genus Gondtopus are wingless, ant- 
like, and are without a scutellum. 

These parasites confine their attacks to the homopterous insects 
belonging principally to the families Fulgoride, Membracide, and 
Cicadellide. 
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The female dryinid seizes her victim with her raptorial fore legs; 
one pair of pincers usually grips the neck of the prey, the other pair 
grips the abdomen towards the apex or the hind legs. The wasp 
then inserts her egg into the body of the bug. A few days later the 
immature larva of the parasite appears outside the body of its host 
enclosed In a sac composed of molted skins. Here it remains, with its 
head in the opening in the body-wall of its host, until it has com- 
pleted its growth. It then leaves its host and spins a silken cocoon, 
which in some cases is furnished with an outer covering formed of 
the larval sac or of round patches of epidermis stripped off from the 
leaf surface. 

A detailed account of the habits of these remarkable insects is 
given by Perkins (’05) and the family Dryinide was monographed 
by Kieffer (’07), and Kieffer (’14) in a paper on the Bethylide. 


Famity SPHECIDA 
The Typical Sphecoid Wasps 


In this family the hind wings have an anal lobe and some closed 
cells; the abdomen of the male has seven exposed tergites; the sting 
of the female is not enclosed by the hypopygium; the posterior meta- 
tarsi are not dilated as in the bees and there are no plumose hairs. 
All members of the Sphecidz are winged. 

To this family belong all of our common nest-building sphecoid 
wasps. These differ from the bees in that they provision their nests 
with animal food, insects or spiders, which they have paralyzed by 
stinging them. Different members of the family differ greatly in 
their nesting habits; some are mason-wasps, building cells of earth; 
many burrow in the ground; and others burrow in the stalks of pithy 
plants or make use of cavities that they find. 

Most members of the Sphecide, after preparing their nest, rapidly 
accumulate an amount of prey sufficient to enable the young to 
develop to maturity, lay an egg with it, and then close the cell before 
the egg has hatched. This method is termed mass provisioning. 
But certain members of the family, Bembex and some others, feed 
their young from day to day as long as they remain in the larval state. 
This method is termed progressive provisioning. As each larva re- 
quires constant attention for a considerable time only a few young 
can be reared by a single female in this way. 

Many of these wasps after stinging their prey and before placing 
it in their nest malaxate (7. e. chew) its neck or some other part of 
the body and lap up the exuding juices. 

The family Sphecide is divided into six subfamilies, some of 
which include two or more quite distinct groups of genera or tribes. 
As many of these tribes are given subfamily rank by some writers 
each of those represented in our fauna is defined below. These 
tribes can be separated by the following key, which has been kindly 
prepared for me by Professor J. Chester Bradley. 
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A KEY TO THE TRIBES OF SPHECIDZ OCCURRING 
IN THE UNITED STATES 


A. Postscutellum with squamae which project backward, and base of propodeurn 

With a median Spine) pr OSOs eae eer tn terre reece rare OXYBELINI 

AA. Postscutellum and propodeum simple. 

B. Only 1 submarginal cell. Inner margins of eyes emarginate or strongly 
converging toward the clypeus (except in Anacrabro, which may be recog- 
nized by its flat venter). 

Cy innerimarcins of eyes en tuine sp s10.00 stair tee CRABRONINI 
CC. Inner margins of eyes deeply emarginate. p.982..... TRYPOXYLONINI 

BB. Usually 3 submarginal cells, sometimes two, rarely only one, in which case 
the inner margins of the eyes are neither emarginate nor strongly convergent 
toward the clypeus. 

C. Anal lobe large, reaching to opposite or beyond the apex of the cell 
Mz; + Cu, aL Cri, ? 
D. The marginal cell not appendiculate. Abdomen with a cylindrical 

petiole. Middle tibiz with two apicalspurs. p.983......... SPHECINI 
DD. The marginal cell appendiculate. Abdomen not petiolate. 
E. Ocelli normal. Middle tibize with two apical spurs. p.9g8I........ 


FRAN A ANT RA RS eR IAM RRAD crete Bie Shh MABE Gitta DAG Oe ASTATINI 

EE. Ocelli distorted. Middle tibia with one apical spur. p. 981 

Fe EE ES EN Dh, ee RRA ee UI on ace CIO ors mag PSA bob amore LARRINI 

CC. Anal lobe small, not reaching to opposite the apex of the cell M3 + 


Cay -- Cu: 
D. Ocelli normal, circular and convex. 
E. Antennz inserted low on the face, near the base of the eyes. 
F. No epicnemium. 

G. First abdominal segment sessile or with a cylindrical petiole 
which is composed only of the sternite. Middle tibie with a 
single apical spur. 

An appendiculate cell present, or the mandibles with an 


external notch sustalliys bObh anos) OS 25ers DINETINI 
HH. No appendiculate cell. Mandibles without an external 
NOCCH. EPs OSSiciso er eee ete ie een PEMPHREDONINI 


GG. First abdominal segment, petioliform, the petiole consisting 
however of both sternite and tergite, nodose at apex. Middle 
tibize with two apical spurs. p. 986..... Mellinus 1n NYSSONINI 

FF. An epicnemium present. Middle tibiz with two apical spurs. 
jOPR Ce LO ae ere ns eta OE ae SOONG Corea eee: NYSSONINI 
EE. Antenne inserted near the middle of the face above the bases of 
the eyes. 
F. Abdomen without a cylindrical petiole which is composed only of 
the sternite. 

G. Transverse part of vein M distant from the stigma by less, 
usually much less, than twice the distance between the apex 
of the cell 2d Ri + Re and the apex of the wing. Labrum rarely 
exserted. 

H. Hind femora without a transversely expanded reniform 
apical plate. 

I, Upper margin of clypeus extending across in a straight line 
or arch, without a median lobe. Cell Rs usually small and 
triangular, or if not, the middle tibiz have two apical spurs. 
Dc 98001 45.004 Bale ons Pees 8S aces NYSSONINI 

II. Upper margin of clypeus with a median lobe extending up- 
ward toward the antenne. Cell Rs four-sided. Middle 
tibize with one apical spur. p. 986........... PHILANTHINI 

HH. Hind femora broadened at apex, there forming a transverse 
qe aMnAoseAM GOERS, TOL IOS os camcommonavoanoawoouss CERCERINI 
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GG. Transverse part of vein M distant from the stigma by two or 
more times the distance between the apex of cell 2d Ri + Re 
and the apex of the wing. Labrum exserted. p. 987. .STIZINI 

FF. Abdomen with a cylindrical petiole which is composed only of 

CHESCEEMISE ED MOSS Maat aetioe Cena ren eens eae PSENINI 

DID, (@esihinctisnernitscl, jy CMB oon goooeac doo onocbaceentone: BEMBICINI 


SUBFAMILY LARRINA® 
TrisE ASTATINI 


The members of this tribe are rather small, seldom more than 
12 mm. in length. They are usually black or black and red. As in 
the following tribe the anal lobe of the hind wings is large, the marginal 
cell of the fore wings is appendiculate, and the abdomen is not petio- 
late; but these wasps differ from the Larrini in that the ocelli are 
normal and the middle tibiz are armed with two apical spurs. 
The habits of Astata unicolor and of Astata bicolor are described 
by the Peckhams (’98); these species burrow in the ground and pro- 
vision their nests with bugs. 


TrisE LARRINI 


Most members of the Larrini are of moderate size, but our species 
range from 3 mm. to about 23 mm. in length. They are 
usually rather stoutly built insects (Fig. 1196). The 
anal lobe of the hind wings is long and scarcely sepa- 
rated from the preanal lobe (Fig. 1197); the marginal 

ae cell of the fore wings is appendiculate; the ocelli are 


Fig. 1196.— distorted; and the middle tibia are armed with one 
Tachysphex ; 


terminatus. @pical spur. : ; 
Nearly all of the species burrow in sandy places 


and provision their nests with orthopterous insects or with bugs; but 


Fig. 1197.—Wings of Tachysphex terminatus. 
Williams (’13) states that a few of the smaller species make their 
nests in brambles. 
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Some members of the Larrini (Tachysphex) dig short burrows in 
the ground at the bottom of which the prey is placed with an egg, 
and then the burrow is closed with loose sand, there being no well. 
formed cell;several of these burrows are often made and stored ina 
single day. Other members of the Larrini make deeper burrows 
which contain from a few to many cells. 

For a monograph of this tribe see Fox (’93). 


TrinE DINETINI 


In this tribe the anal lobe of the hind wings is small, not reaching 
to opposite the apex of cell M;+Cui+Cu; the ocelli 
are normal, circular and convex. 

The tribe is composed chiefly of small and little 
known insects except the genus Lyroda. A common 
species of this genus, Lyréda stibita, practises progressive 
provisioning, feeding its young from day to day with 
crickets of the genus Nemobius; its nest is made in the 
ground. Thesmall wasps of the genus Miscophus prey 
on spiders. 

For a monograph of this tribe see Fox (’93). 


SUBFAMILY TRYPOXYLONINA 


This subfamily includes a single tribe, the Trypoxy- 
lonini. In these wasps the inner margin of the eyes is 
deeply incised, the ocelli are normal, the marginal cell 
of the fore wings is not appendiculate, and there is only 
one submarginal cell. The body is black, slender, and 
of medium size. 

I have found, in New York, the nests of Trypdéxylon 
frigidum very common in branches of sumac (Fig. 
1198), more cOmmon than those of any other insect 
except the little carpenter-bee, Ceratina. The cells of 
the nests of Trypoxylon are separated by partitions of 
mud and are stored with spiders. The larva of Try- 
poxylon frigidum when full-grown makes a very slender 
cocoon, with the upper end rounded and sometimes 
slightly swollen, and the lower end blunt and of denser 
texture than the remainder of the cocoon. 

An extended account of the habits of two other 
species of Trypoxylon, T. albopilisum and T. rubro- 
cinctum, is given by the Peckhams (’89), who studied 
these species in Wisconsin. Of special interest are the 
observations made by these writers on the cooperation 


: ee Fig. 8.— 
of the males and females during the nest-building Neer Try- 


period. They state as follows. poxylon frig- 
“With both species when the preliminary work of +4“. 

clearing the nest and erecting the inner partition has 

been performed by the female, the male takes up his station inside 
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the cell, facing outward, his little head just filling the opening. 
Here he stands on guard for the greater part of the time until the 
nest is provisioned and sealed up, occasionally varying the monotony 
of his task by a short flight.”” “We have frequently seen him drive 
away the brilliant green Chrysis fly which is always waiting about 
for a chance to enter an unguarded nest.’ “In one instance, with 
rubrocinctum where the work of storing the nest had been delayed by 
rainy weather, we saw the male assisting by taking the spiders from 
the female as she brought them and packing them into the nest, 
leaving her free to hunt for more.” 

Some species of Trypoxylon are mud-daubers. Trypoxylon albt- 
tarsis, a shiny black species with white tarsi, builds large nests of mud, 
which consist of several parallel tubes, often three inches or more in 
length, placed side by side. These nests are known as pipe-organ 
nests. Each tube is divided by transverse partitions into several 
cells, which are provisioned with spiders. The tubes when completed 
arenot covered withan extra layer of mud as is commonly the case in 
the nests of other mud-daubers. When an adult is ready to emerge 
from the cell in which it was developed, it mkes a hole through the 
exposed side of the tube. 

For a monograph of Trypoxylon see Fox (’93). 


SUBFAMILY SPHECIN 


The Thread-waisted Wasps 
These insects are termed the thread-waisted wasps on account. of 
the great length of the petiole of the abdomen (Fig. 1199). With 
these wasps the marginal cell of the fore wings 
(od Ri+R,) is not appendiculate; the anal 


igh lobe of the hind wings is large, extending to the 
apex of cell M;+Cui+Cue or beyond (Fig. 
1200); and the middle tibie bear two apical 


Fig. 1199.—Sceliphron spurs. 
a ee i These are the most commonly observed of 
all of our sphecoid wasps, as certain species 
build their mud nests in the attics of our houses; and, too, the 


3+ Cu +n 
Fig. 1200.—Wings of Sceliphron cementarium. 
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peculiar shape of the body makes them very conspicuous. Most of 
the species burrow in the ground and store their nests either with 
caterpillars or with Orthoptera. But those best known to us are the 
mud-daubers. 

The mud-daubers make nests of mud attached to the lower 
surface of flat stones or to the ceilings or walls of buildings. ‘These 
nests usually consist of 
several tubes about 
twenty-five millimeters 
in length placed side by 
side (Fig. 1201) and are 
provisioned with spiders. 
The mud-daubers may 
be seen in damp places 
collecting mud for their 
nests, or exploring build- 
ings in search of a place 
to build. They have a 
curious habit of jerking 
their wings frequently in 
anervousmanner. There g: 


b. Ce d, 


are in this country two Fig. 1201.—Nest of a mud-dauber removed from 


: woth Xposi he cells: a, larva full-grown; 6 
widely distributed and Sean sce 7 ees febepider: 
common species of mud- meat; d, an empty cell. (From A. B. Comstock, 
daubers; these are the Handbook of Nature Study.) 

blue mud-dauber, Chalj- 

bion cerulium, which is steel blue with blue wings, and the yellow 
mud-dauber, Scéliphron cementarium, which is black or brown with 
yellow spots and legs. The latter of these species has been commonly 
described under the generic name Pelopeus. : 

The tool-using wasps, Ammédphilaa—Among the members of the 
Sphecine, that burrow in the ground and store their nest with cater- 
pillars are certain species of the genus Ammédphila. These are of 
especial interest on account of the habit, first observed by the 
Peckhams, of pounding down the earth with which they close their 
burrow by takingastone or some other object in their mandibles and 
using it as a hammer. 

The genus Chlérion, formerly known as Sphex, includes species 
which are among the most common of flower visitors in the warmer 
parts of our country, and are among the largest and most handsome, 
and therefore most often observed of our wasps. In the West the 
common, very large, all metallic green Chlorion cyaneum is a very 
striking insect; and in the East Chlorion ichneuméneum, which is 
brownish red with the end of the abdomen black is the most noticeable. 


SUBFAMILY PSENINZ® 


This subfamily includes two tribes, the Psenini and the Pemphre- 
dont each of these has been regarded as a separate subfamily or 
amily. 
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TRIBE PSENINI 


The Psenini are small sphecoid-wasps in which the base of the 
abdomen is slender, forming a petiole much like that of the Sphecine, 
but differing in being flattened and usually furrowed 
above (Fig. 1202), and these wasps are much smaller 
than the true thread-waisted wasps. The antennz 
are inserted at the level of the middle of the eyes; 
and there are three complete submarginal cells in 
the fore wings. These wasps make their burrows 
either in sand or in the pith of brambles, and pro- 
vision them with aphids or other small Homoptera. 


Fig. 1202.— A TRIBE PEMPHREDONINI 
psenid. 
In this tribe the antenne are inserted low on the 
face, near the level of the base of the eyes; and there are at most two 
submarginal cells present, sometimes a trace of vein r-+m and R, 


Ita 
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Fig. 1203.—Wings of Stigmus podagricus. (From Bradley). 


incompletely indicates a third (Fig. 1203). The ab- 
domen is sometimes sessile. 

The pemphredonids usually burrow in the pith of 
dry branches and provision their burrows with plant- 
lice. A very common species in the East is Stigmus 
fratérnus. This insect measures 5 mm. in length, and 
makes tortuous burrows in the pith of sumac (Fig. 
1204). Other common members of the tribe are larger. 
Some species of Xylocélia (Diodéntus) have been found Rieter 
to burrow in the ground. Neve or ane 

This tribe was monographed by Fox (’92). mus fraternuse 
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SuBFAMILY BEMBICIN 
TrisE PHILANTHINI 


In this tribe the upper margin of the clypeus is suddenly expanded 
into a broad median lobe, usually rhomboidal, extending upward 
toward the antennz 
(Fig. 1205). 

These wasps bur- 
row in the ground; 
some species provision 
their nests with ants 
others with bees. 


TrIBE CERCERINI 


x 
Se 


Fig. 1205.—Face of a In the Cercerini 
philanthid; ¢, clypeus. the hind femora are p;, 1446-—Hind leg of 
broadened at the apex, ~ “Cerceris clypeata. 
there forming a trans- 
verse reniform plate (Fig. 1206); in both male and female there is a 
distinct pygidial area; the transverse part of vein M is distant from 
the stigma by less than twice the distance between the apex of the 
cell 2dR,+R3 and the apex of the wing (Fig. 1207); and the anal 
lobe of the hind wings is large. 


Fig. 1207.—Wings of Cerceris. 


The species of Cerceris usually burrow in the ground and provision 
their nests with beetles; but some provision their nests with bees 
(Halictus) 


TRIBE NYSSONINI 


In the Nyssonini the ocelli are never distorted and the upper 
margin of the clypeus extends directly across in a straight line or an 
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arch without a median lobe. In most genera the middle tibiew have 
a single apical spur and the second submarginal cell (Rs) is small 
and triangular; but in 
some the midde tibia 
have two apiral spurs 
and cell R; is four-sided. 

These wasps burrow 
in the ground; some spe- 
cies store their nests with 
Homoptera, others with 
Orthoptera. 

Our best-known rep- 
resentative of this tribe 
is the Cicada-Killer, 
Sphécius spectosus. ‘This 
is a formidable insect, 
measuring about 30 mm. in length (Fig. 1208). It is black, sometimes 
of a rusty color, and has the abdomen banded with yellow. It digs 
deep burrows in the earth and provisions each with a Cicada. Figure 
1209 represents its wings. 


Fig. 1208.—Sphecius speciosus. 


My + Cur +Cx 


Fig. 1209.—Wings of Sphecius speciosus 


TRIBE STIZINI 


In the Stizini the transverse part of vein M is distant from the 
stigma by two or more times the distance between the apex of 
cell 2dRi+Re. and the apex of the wing; the labrum is usually 
transverse, rarely long and pointed; the ocelli are normal; and the 
middle tibize are armed with two apical spurs. 


The species of the genus Stizus are gregarious, many individuals 
building their burrows near together. The common and conspicuous 
western Stizus unicinctus is believed to lay eggs in nests of Chlorion 
(Priononyx) atratrum. 
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With these wasps the ocelli are distorted, the middle tibiz are 
armed with only one evident apical spur; and the labrum is elongate, 
pointed, rostriform (Fig. 1210). 

Our best-known representatives of this tribe belong to the genus 
Bembix; these are stout-bodied wasps, usually black with greenish 
or greenish-yellow bands. They burrow in the 
sand and provision their nests with flies. Some 
species at least practise progressive provisioning. 
After excavating its burrow and making a cell, 
the wasp captures a fly and stings it to death, 
then placesit on the floor of the cell and attaches 
an egg to it. After the larva has hatched, the 
mother collects flies from day to day, feeding the 
larva till it is ready to change to a pupa, closing Fig. 1210.—Face of 
the nest behind her each time she leaves it. penlas l, lab- 

A common and well-known member of this ee 
tribe in the South is Sticta carolina, which is called 
the “horse guard.’”’ This is a large species which hunts about horses 
in order to capture flies. 

Microbembex monodonta is one of the most abundant of wasps 
along the seashore everywhere on the Atlantic, Gulf, and Pacific 
coasts. This species is black with greenish-white markings; the 
pleure and mesoscutum are black and the wings are slightly dusky. 
( a North American Bembicini were monographed by Parker 

17). 


SUBFAMILY CRABRONIN/® 


This subfamily differs from all other Sphecide except the Try- 
poxylonini in having only one submarginal cell (Fig. 1211), and it 


Fig. 1211.—Wings of Crabro singularis; ap, appendiculate cell. 


differs from the Trypoxylonini in that the innermargin of the eyes is 
not emarginate. It includes two tribes, each of which is classed as 
a subfamily by some writers. 
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TRIBE CRABRONINI 


In the Crabronini the postscutellum and the base of the propodeum 
are unarmed; the eyes are usually much widened below, their inner 
margins strongly converging towards the clypeus; and 
the longitudinal free part of vein M of the fore wings is 
complete. The head is generally large and square when 
viewed from above, and sometimes broader than the 
thorax (Fig. 1212). 

The different members of this tribe vary greatly in 
their nesting habits. Some mine in the pith of such plants 
as sumac and elder; some bore in more solid wood; some Fig. 1212. 
dig burrows in the ground; and others make use of any ~~ rare. 
suitable hole they can find, often the deserted burrow of 
roe other insect. These insects usually provision their nests with 

ies. 

The North American Crabronini was monographed by Fox (’9s). 


TRIBE OXYBELINI 


The Oxybelini are easily distinguished from all other sphecoid 
wasps by the two squamez projecting back from the metanotum and 
by a median spine borne by the base of 
the propodeum (Fig. 1213). The inner 
margin of the eyes is convex, not converg- 
ing toward the clypeus; and the longi- 
tudinal free part of vein M is lost or 
present as a trace. 

These wasps nest in sand and provision 
their nests with flies. 


THE BEES 


Superfamily Apoidea of Authors 


The bees constitute a very large group of insects, including besides 
the well-known honey-bee and the bumblebees thousands of other 
species, many of which can be observed visiting flowers on any pleasant 
summer day. Friese (’23) statesthat 12,000 species of bees have been 
described, of which 2,500 are from North America and estimates that 
there are 20,000 living species in the world. 

The bees differ from all other Hymenoptera, except some members 
of a small subfamily of vespoid wasps, the Masarine, in that they 
provision their nest with pollen and honey instead of with animal 
food, as do other nest-building Hymenoptera. The honey is obtained 
from flowers in the form of nectar, which is swallowed and trans- 
ported to the nest inthe crop. While in the crop the nectar undergoes 
a chemical change, which is probably due to a mixture with it of a 
ferment derived from the salivary glands, and becomes what is 
known as honey. 
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The distinctive characteristics of bees that have been recognized 
are chiefly those that are correlated with the habit of collecting pollen 
and nectar for provisioning their nests. These consist in specializa- 
tions of the form and arrangement of some of the hairs, fitting them 
for collecting and carrying pollen; in the dilation of the metatarsus 
of the hind legs, which forms a part of the pollen-collecting apparatus; 
and in varying degrees of specialization of the maxillz and labium to 
form a proboscis fitted for extracting nectar from flowers. 


These characteristics are easily recognized in the higher bees, but 
in the most generalized bees (Prosopis) they are feebly developed, 
and too as male bees do not collect and carry pollen to nests they do 
not possess organs for this purpose; this is also true of both sexes 
of the parasitic bees, the females of which have acquired the habit 


Gg bh 2 ah. eae Tea 


Fig. 1214.—Hairs of various bees: a-f, of bumblebees; g-j, of Melissodes sp.; k-n, 
of Megachile sp. (After John B. Smith.) 


of laying their eggs in the nests of other bees, and consequently, have 
ee degenerate so far as their pollen-collecting apparatus is con- 
cerned. 


_ Accharacteristic of bees found in only a few other Hymenoptera 
is the presence, especially on the thorax, of plumose hairs. Many 
forms of these hairs exist; some of them are represented in Figure 1214. 
In this figure there is also represented (Fig. 1214, n) another type of 
hair which is spirally grooved; this type is found in the pollen brush 
of leaf-cutter bees, Megachilide. It has been suggested that the 
plumose hairs serve to hold the grains of pollen that become en- 
tangled among them when a bee visits a flower; but they occur in 
males and in parasitic bees neither of which gathers pollen; they 
are lacking, however, in some parasitic bees. 
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Female bees, excepting those of the genus Prosopis and of the 
parasitic bees, are furnished with pollen-brushes or scope, for collect- 
ing and transporting pollen. In most bees these consist of brushes of 
hairs borne by the hind legs, but in the Megachilidze the brush is on 
the ventral side of the abdomen. 


In some bees the pollen brushes are restricted to the tibia and the 
metatarsus of the hind legs, in others they are borne on these two 
segments and on the femur, trochanter and coxa as well (Fig. 1215). 
With the queens and workers of the nest-building bumblebees and 
with the workers of the honey-bee the pollen carrying apparatus is 


eS leon Fig. 1216.—A. Inner surface of the left hind leg 
Brané) of a worker honey-bee; B. Outer surface of 
: the same. (After D. B. Casteel.) 


very highly specialized (Fig. 1216). On the outer surface of the tibia 
of the hind legs there is a smooth area which is margined on each side 
by a fringe of long curved hairs; this structure is known as the pollen 
basket or corbicula; and on the inner surface of the metatarsus, 
termed planta by some writers, there is a brush of stiff hairs by means 
of which the bee gathers the pollen from its body. In the honey-bee 
the hairs composing this brush are arranged in transverse rows and 
are termed the pollen combs. 

The mouth-parts differ greatly in form in the different groups of 
bees; this is especially true of the maxillz and labium, which together 
constitute the proboscis, used for extracting nectar from flowers. 
The mandibles are fitted for chewing and do not vary so much in 
form. 
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Inthe most generalized bees, the Prosopide, the proboscis is com- 
paratively short and the labium is either notched at the tip (Prosopis, 
Fig. 1217) or is quite deeply bifid (Colletes, Fig. 1218). In all other 
bees the labium is pointed at the tip. Among the bees with a pointed 
labium the proboscis varies greatly in length; in some (Sphecodes, 
Fig. 1219) it is comparatively short, while in the more specialized 
forms, as in Apis (Fig. 1220) it is greatly elongate. 


A AK 


SVAN 


awe 


eM I CELI 


Fig. 1217.—Pro- 
boscis of Pro- 
sopis. (After 
Saunders.) Fig. 1219.—Probos- 
cis of Sphecodes. 
(After Saunders.) 


Fig. 1218.—Probos- 
cis of  Colletes. 
(After Saunders.) 


Se 


attri eres 


Fig. 1220.—La- 
bium of the 
honey-bee. (Af- 
ter Saunders.) 


The two sexes of bees differ in the number of abdominal tergites 
exposed to view; in the male there are seven, in the female, only six. 


The different species of bees exhibit great differences in habits: 
some are solitary; each female providing a nest for her young; 
some are parasitic, the females laying their eggs in the nests of other 
bees and the larve feeding on the provisions stored by their hosts; 
and some are social, living in colonies consisting of many individuals. 


_ The social bees are the honey-bees, the bumblebees, and the 
stingless honey-bees of the Tropics. In all of these, as with the social 
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wasps and the ants, there is in addition to the males and the egg- 
laying females a worker caste; with all other bees there are only twe 
forms, the males and the females. 

The parasitic bees do not constitute a natural division of the 
group of bees, as was formerly supposed, instead of that it is evident 
that members of several of the families of bees have acquired the 
parasitic habit. The bees of the genus Psithyrus, which are parasitic 
in the nests of bumblebees, are closely allied to the bumblebees and 
should be placed with them in the family Bombide; the parasitic 
genera Stelis and Celioxys are evidently members of the leaf-cutter- 
bee family, the Megachilide; and there are many parasitic genera 
belonging to the family Andrenide. 

The nests of solitary bees, like those of the digger-wasps, are of 
many forms. The mining-bees dig tunnels in the ground; the mason- 
bees build nests of mortar-like material; the carpenter-bees make 
tunnels in the stems of pithy plants or bore in solid wood; and some 
bees make nests of comminuted vegetable matter. The distinctive 
characteristic of the nests of bees is the fact that they are always 
provisioned with honey and pollen. In many cases closely allied spe- 
cies of bees differ in their nesting habits; for example, different spe- 
cies of the genus Osmzia build very different kinds of nests. 

Although many entomologists have studied the bees intensively, 
no classification of them has been proposed that is generally ac- 
cepted. Some writers regard them as constituting a single family, 
the Apide; other writers recognize several families and restrict the 
term Apidz to the honey-bee family; but these writers differ among 
themselves as to the number of families that should be recognized. 

When several families of bees are recognized they are commonly 
grouped together as the superfamily Apoidea; but the writers whose 
classifications I have adopted believe that the bees are a group of 
sphecoid wasps that have acquired the habit of provisioning their 
nests with honey and pollen, and should not, merely for this reason, 
be placed in a separate superfamily. An analogous case is that of 
the subfamily Masarinze some members of which differ from other 
Vespide in nest-provisioning habits in the same way that bees differ 
from other sphecoid wasps. 


Famity PROSOPID 


The Bifid-tongued Bees 


The members of this family differ from all other bees in having 
the tip of the labium either shallowly emarginate at the apex or deeply 
bifid. In all of them the labium is comparatively short. This family 
has been commonly known as the wasp-like bees. It includes two 
quite distinct subfamilies. 


SUBFAMILY PROSOPINA® 


This subfamily is represented in our fauna by a single genus, 
Prosopis. The members of this genus, of which there are many 
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species, are small black bees, with pale, usually yellow, marks. They 
are the least specialized of the bees. The body is almost bare, but an 
examination with a microscope will reveal the presence on the thorax 
of a few of the plumose hairs characteristic of bees; the labium is 
short and broad and shallowly emarginate at the apex (Fig. 1217) 
andthe hind legs of the females are not furnished with pollen brushes. 

The numerous species of this genus build nests in the stems of 
pithy plants, or in burrows in the ground, or in crevices in walls. 
I have found them in dead branches of sumac. In some cases, at 
least, the burrow used was an old burrow made by some other pith- 
mining bee or wasp. After the burrow is made or selected, the walls 
of it are coated with a glistening substance, probably silk, which is 
sometimes dense enough to form a distinct membrane. Then a cell 
is formed at the bottom of the burrow of the same material; and at 
the bottom of the cell a denser circular disk is spun, which makes a 
quite firm partition, the edges of which extend slightly up the sides 
Gt ithe cell 

The cell is provisioned with a semi-liquid paste consisting largely 
of honey but containing also some pollen. It is said that when collect- 
ing provisions for its nest the bee swallows both pollen and nectar, 
brushing the pollen to the mouth by aid of the front legs. 

Usually several cells are made, one above another, in the burrow; 
although the walls of the cells are quite delicate, the cells are firmly 
separated by the dense silken partition at the bottom of each. 


SUBFAMILY COLLETINA 


In this subfamily the labium is short, and deeply emarginate at 
the apex; (Fig. 1218). The body, especially the head and thorax, is 
more or less densely clothed with hair; and in the female the hind 
legs are furnished with pollen-brushes. Our most common repre- 
sentatives belong to the genus Colletes. 

Collétes —In most species of this genus the abdomen is marked 
with pubsecent white bands. All of the species, the habits of which 
have been described, burrow in soil, either that which is level or in 
banks, or sometimes in the interstices of walls. In favorable situ- 
ations, some of the species are gregarious, many individuals digging 
their tunnels in a limited area. Sharp (’99) in writing of Colletes 
states: ‘They have a manner of nesting peculiar to themselves; they 
dig cylindrical burrows in the earth, line them with a sort of slime 
that dries to a substance like gold-beater’s skin, and then by partitions 
arrange the burrow as six to ten separate cells, each of which is filled 
with food that is more liquid than usual in bees.” 

Professor J. B. Smith (or) in his account of Collétes compdcta 
states that this species digs a burrow which extends from 18 to 28 
inches down; from this, lateral branches from two to six inches in 
length are made, at the end of each of which a cell is formed. The 
bee begins making cells from the bottom of the burrow and works up 
never making more than four and rarely more than two cell-bearing 
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laterals from one upright. How many such burrows an individual 
female may make was not determined. 


Famity ANDRENID 
The Andrenids 


The family includes those solitary nest-building bees and their 
parasitic allies in which the tongue is either short or long but is 
pointed at the apex, and in which the pollen-brushes of the nest- 
building females are borne by the hind legs. To this family belong a 
large portion of the species and genera of our bees. Space can be 
taken here to discuss only a few of these. 

Halictus.—Among the more common of our mining bees are those 
of the genus Halictus. This is a large genus including very many 
species, among which are the smallest of our bees. The nests of some 


Fig. 1221.—Diagram of part of a nest of Halictus. 


species are excavated in level ground; other species dig tunnels in 
the vertical sides of banks. These bees are often gregarious, hundreds 
of nests being built near together in the side of a bank. 

If these nests be studied in midsummer, each will be found to 
consist of a burrow extending into the bank (Fig. 1221) and, along 
the sides of this main burrow or corridor, smaller short burrows each 
leading to a cell, the sides of which are lined with a thin coating of 
firm clay. In each of these cells that is closed will be found either a 
mass of pollen and nectar with an egg upon it or a larva feeding on 
the food stored for it. 

The most striking feature of these nests is the fact that several 
bees use the corridor as a passage way to the cells they are building 
and provisioning. But this corridor is not a public one; it is con- 
stricted at its outer end and is guarded by a sentinel whose head 
nearly fills the opening. When a bee comes that has a right to enter 
the sentinel backs into the wider part of the corridor and allows it 
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to pass and immediately thereafter resumes its guarding position 
with its head closing the opening of the corridor. 

The explanation of this association of several bees, in a single 
nest was worked out by Fabre. He found that in the spring each 
female Halictusthat has survivedthe winter makes a nest and rears 
a brood. Then the old bee and the young ones together clean out 
the nest, enlarge it, and use it asa carefully guarded apartment house, 
each bee having her own group of cells. 

Halictus (Augochlora).—A detailed account of the habits of one 
species of this subgenus, A. humerdlis, was given by Professor J. B. 
Smith (’o1). This species is a mining bee which digs very deep 
burrows. Certain other species of this genus have very different 
nesting habits. These burrow in decomposing sap-wood beneath 
the bark of trees and make their cells of bits of decayed wood agglu- 
tinated together. 

Anthéphora.—The genus Anthophora is widely distributed and 
includes many species, more than eighty have been described from 
North America alone; but the habits of only a few of these have 
been described. 

The nests of those American species the habits of which are well 
known are usually built in steeply inclined or perpendicular banks of 
earth, preferably in those of compact clay; they are also excavated 
in the clumps of clay held between the roots of stumps in stump- 
fences. In the West a favorite nesting place of these bees is in the 
walls of sun-dried bricks of the adobe houses. Like Halictus and 
Andrena, the bees of this genus are gregarious, hundreds of individuals 
building their nests close together in the same bank of earth. 

A striking feature of these nests is the presence of a cylindrical 
tube of clay extending outward and downward from the entrance of 
the tunnel (Fig. 1222). This tube is rough on the outside but smooth 
within. It is composed of small pellets of earth compacted together. 
These pellets when brought out from the tunnel are wet and easily 
molded into the desired form, but soon become dry and firm. The 
wetness of the pellets of clay brought out from the tunnel in a hard dry 
bank is explained by the fact that these bees when nest-building go 
to some place where water can be had and after lapping up a supply 
of it fly to their nest. This water is obviously used for softening the 
hard clay (Frison ’22). 

The tunnel extends into the bank a variable distance and leads 
to a cluster of oval cells. The layer of earth forming the wall of a cell 
is made firm by some cementing substance; this is shown by the fact 
that when a lump of earth containing nests is broken apart the cells 
retain their form and may be readily separated from the earth sur- 
rounding them. Nininger (’20) in his notes on the life-history of 
Anthophora stanfordiana state: ‘‘At the bottom of a tunnel five to 
seven inches deep, the bee excavated an oval chamber about three- 
fourths inch in diameter by one inch deep, and then built up within 
this a nest-cell to fit, made of pellets of clay and worked smooth on 
the inner side, after which it was coated with a thin layer of water- 
proofing which seemed to be a salivary secretion.” 
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The water-proofing of the wall of the cell is an essential feature 
for without it the semi-fluid mass of pollen and nectar with which 
ae et is provisioned would be partially absorbed by the wall of 
the cell, 


Fig. 1222.—Section of a bank with nests of Anthophora, (Photographed by 
Miss P. B. Fletcher.) 


The larve remain in their cells throughout the winter, and trans- 
form to pupe in the spring. The duration of the pupa state is short, 
the adult bees appearing early in the summer. The parasitic beetles 
Hornva are often found in the nests of Anthophora. 


Andréna.—Among the larger of our common mining bees are 
certain species of the genus Andrena; some of these nearly or quite 
equal in size the workersof the honey-bee. They build their nests in 
road sides and in fields that support a scanty vegetation. They sink 
a vertical shaft with broad cells branching from it. These bees, 
though strictly solitary, each female building her own nest, frequently 
build their nests near together, forming large villages. I once re- 
ceived from a correspondent a description of a collection of nests of 
this kind which was fifteen feet in diameter, and in the destruction of 
which about two thousand bees were killed; what a terrible slaughter 
of innocent creatures! 

The small carpenter-bee, Cerdtina dupla.—The nests of this bee 
are built in dead twigs or sumac and in the hollows of brambles and 
other plants. They are more common than those of any other of our 
solitary bees that build in these situations. This is a dainty little bee, 
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about 6 mm. in length, and of a metallic blue color. She always selects 
a twig with a soft pith which she excavates with her 
mandibles, and so makes a long tunnel. Then she 
gathers pollen and nectar and puts it in the bottom 
of the nest, lays an egg on it, and then makes a parti- 
tion out of pith-chips, which serves as a roof to this 
cell and a floor to the one above it. This processshe 
repeats until the tunnel is nearly full (Fig. 1123), then 
she rests in the space above the last cell, and waits for her 
young to grow up. The lower one hatches first; and 
after it has attained its growth, it tears down the 
partition above it, and then waits patiently for the 
one above to do the same. Finally after the last one 
in the top cell has matured, the mother leads forth 
her full-fledged family in a flight in the sunshine. After 
the last of the brood has emerged from its cell, the 
substance of which the partitions were made, and which 
has been forced to the bottom of the nest by the young 
bees when making their escape, is cleaned out by the 
family, the old bee and the young ones all working 
together. Then the nest is used again by one of the 
bees. «I have collected hundreds of these nests and by 
opening different nestsat different seasons, have gained | 

an idea of what goes on in a single nest. There are Fig. 1223.— 
two broods each year. The mature bees of the fall Aa es ia 
brood winter in the nests. Bet Rata 


The large carpenter-bee, Xylécopa virginica.—This is a large insect, 
measuring from 22 to 24 mm. in length and resembling a bumblebee 
in size, and somewhat in appearance. But it can be easily distin- 
guished from a bumblebee, as the female has a dense brush of hairs 
on the hind leg, instead of a basket for carrying pollen. This bee 
builds its nest in solid wood, and sometimes excavates a tunnel a 
foot in length, which it divides into several cells. The partitions 
between the cells are made of chips of wood, securely cemented 
together, and arranged in a closely-wound spiral. This arrangement 
of chips is easily seen when the lower side of a partition is examined; 
but the upper side of a partition which forms the floor of the cell above 
it is made concave and very smooth, so that the arrangement of the 
chips is not visible. The nest of Monobia quadridens described on an 
earlier page (Fig. 1188) was probably made in a deserted tunnel of 
Xylocopa. Monobia, however, makes the partitions of its nest of mud. 


This species is distributed generally throughout the United States 
and is the only species of Xylocopa found in the Northeastern part 
of this country. Eight other species have been described from the 
South and the West. A monograph of the species of Xylocopa of the 
United States was published by Ackerman (’16). 
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Famity MEGACHILID® 
The Leaf-cutter Bees and their Allies 


To this family belong those bees in which the pollen brush of the 
female is borne on the ventralside of the abdomen and the parasitic 
bees that are allied to them. In this family the tongue is long and 
there are only two submarginal cells of approximately equal size in 
the fore wings. Among the better-known representatives of the 
family are the following. 

The leaf-cutter bees, Megachile —The bees of the genus Megachile 
have a curious habit of making cells for their young out of neatly-cut 
pieces of leaves. These cells are packed away in such secure places 
that one does not often find them; but it is a very easy thing to find 


Fig. 1224.—A leaf-cutter bee, Megachila latimanus, its nest, and rose-leaves cut 
by the bee. 


fragments of leaves from which the pieces have been cut by bees. 
The leaves of various plants are used for this purpose, but rose-leaves 
are used more frequently than any other kind. In Figure 1224 there 
are represented one of these bees, its nest, and a spray of rose-leaves 
from which pieces have been cut by the bee. 

The nests are made in varioussituations. The specimen figured 
was taken from a piece of hemlock timber in which many of these bees 
had bored tunnels to receive their cells. I have also found nests of 
these bees in a tunnel in the ground under a stone, between shingles 
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on a root, in the cavity of a large branch of sumac, in the cavity of 
a lead pipe, and in Florida in the tubular leaves of a pitcher-plant. 


When a suitable tunnel has been made or found the bee proceeds 
to build a thimble-shaped tube at the bottom of it. For this purpose 
it cuts from leaves oblong pieces, each of which forms a part of a side 
and the bottom of the thimble-shaped tube. Two such pieces had 
been cut from the lower leaf on the left side of the spray figured here. 
When the thimble-shaped tube is completed, the bee partially fills 
it with a paste of pollen and honey, and then places an egg upon the 
supply of food. She then cuts several circular pieces of leaves, the 
diameter of which is a little greater than the diameter of the tube, 
and forces them into the open end of it, thus making a tightly fitting 
plug; three of these circular pieces have been cut from the spray 
figured. Usually several cells of this kind are placed end to end ina 
burrow; and sometimes many bees will build their nests near to- 
gether in the same piece of wood. me 

Alcidamea prodticta.—Among the more common members of the 
Megachilide is this species which builds its nests in branches of sumac 
and other pithy plants. I have collected many of.the nests during 
winter, from which the bees emerged the following. spring. A dis- 
tinctive feature of the nest is the fact that the partitions between 
the cells are composed of comminuted plant fibers. The larva when 
full-grown spins a silken cocoon, which fills the cell. The adult isa 
black bee, 7 mm. long, with white marginal bands on the abdominal 
segments; these are often interrupted on the middle line. 

Trachiusa lateralis —This is a parasitic species which is very com- 
mon in the nests of Alcidamea producta. This bee is somewhat 
smaller than its host and has on each side of the three basalabdominal 
segments a rather small ovate yellowish-white spot. The cocoons of 
this species are denser than those of Alcidamea producta, do not fill 
the cell, and bear at the apex a tiny nipple. 

Other illustrations of the habits of members of this family can be 
referred to here only briefly. 


The petals of various flowers and especially those of Pelargonium 
often have pieces cut from them shaped like those cut from the leaves 
of rose by the leaf-cutter bees. This is probably the work of some 
species of Osmza, as certain European species of this genus are known 
to build in their burrows thimble-shaped tubes resembling those of 
the leaf-cutter bees, except that they are composed of pieces of 
petals. 

Other species of Osmia make their cells of comminuted vegetable 
fibers. These are placed in various situations. There are in our 
collection several old cells of mud-wasps in each of which are several 
cells of this kind, from which were bred a small species of Osmia. 

Some species of Osmia make use of empty shells of snails, Helix, 
in which to build their cells, and some European species are known to 


cover the snail shell thus used with a mound of fragments of grass 
or of pine needles. 
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Many bees make their cells of a cement-like substance made of a 
mixture of earth and some fluid which is believed to be secreted by 
iG salivary glands. These bees are commonly known as the mason- 

ees, 

The firm-cement-like nature of the nests of some of the mason- 
bees leads to the belief that the earth of which they are made is mixed 
with some other fluid than water. They are much firmer than are 
the tubes built by Anthophora, which are made of a mixture of earth 
and water. 

A remarkable accumulation of the nests of an Old World species 
of mason-bee, known as the wall-bee, Chalicédoma muraria, was ob- 


Fig. 1225.—Nests of the wall-bee on the Temple of Dendera. 


served by the writer on the walls of the Temple of Dendera in 
Egypt. This temple, which was buried by drifting sands long ago 
has been excavated by modern archeologists; but the inscriptions 
on the walls of the temple are being rapidly buried again beneath a 
layer of the cement-like nests of the wall-bee (Fig. 1225). 


Famity BOMBIDA® 
The Bumblebees 


The family Bombide includes the well-known nest-building 
bumblebees and certain parasitic bumblebees, Psithyrus, that infest 
the nests of the nest-building species. The members of this family 
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are large bees or of medium size; they are robust with oblong bodies 
and a rather dense covering of hair. They are common, and are 
conspicuous on account of their noisy flight and striking coloration, 
which is usually yellow and black. They are called bumblebees on 
account of the sound they make in flight; in England they are 
commonly known as humblebees. 

The distinctive characters of this family are given in the table of 
the Clistogastra on page 912. Most writers recognize only two 
genera in the Bombide, Bombus and Psithyrus; but some have sepa- 
rated certain species from Bombus and placed them in a separate 
genus, Bombias. As there is considerable doubt regarding the validity 
of this genus it will not be discussed here. 

The nest-building bumblebees, Boémbus——The members of this 
genus are social insects, each species consisting as in other social in- 
sects of three castes, the queens, the workers, and the males. In 
this genus the queens as well as the workers possess pollen-baskets or 
corbiculz on the hind legs; as the queen when founding a colony 
must collect pollen. 

With the bumblebees the queens are larger than either the workers 
or the males and, in temperate regions, are the only ones that live 
through the winter; as in these regions the colonies, like those of our 
northern species of social wasps, break up in the autumn and all of 
the bees, except the young queens perish. These crawl away into 
some protected place and pass the winter. In the spring each queen 
that has survived the winter founds a new colony, performing, until 
a brood of workers has been developed, both the duties of queen and 
of worker. In South America, where according to von Ihering, 
bumblebee colonies are perennial, new nests are formed by swarming 
as among the social wasps of the same region. 

In selecting a place for her nest the queen usually chooses a 
deserted mouse-nest, within which she builds her nest; sometimes an 
old bird’s nest is used for this purpose. In certain European species 
the queen, sometimes at least, constructs her nest entirely without 
making use of a nest of another animal. This she does by making 
use of moss or soft dead grass, which she combs together with her 
mandibles and legs, for this reason these species are often known as 
“carder-bees.”’ 

Many observers have studied the founding and development of 
colonies of bumblebees; among these is Sladen (’12) who has made 
very detailed studies of the species found in England. The following 
condensed summary is based on the statements of this author. 


Having found a suitable nest the queen spends a good deal of 
time in it, the heat of her body gradually making its interior perfectly 
dry. She then gathers the finest and softest material she can find into 
a heap and in the center of this makes a cavity with an entrance at 
the side just large enough for her to pass in and out. In the center of 
the floor of this cavity she forms a lump of paste made of pollen 
moistened with honey. Upon the top of this lump she builds with her 
jaws a circular wall of wax, and in the little cell so formed she lays 
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her first batch of eggs, and seals it over with wax. The queen now 
sits on her eggs day and night to keep them warm, only leaving them 
to collect food when necessary. In order tomaintain animationand 
heat through the night and in bad weather when food cannot be 
obtained, it is necessary for her to lay ina store of honey. She there- 
fore sets to work to construct a large waxen pot to hold the honey. 
This pot is built in the entrance passage of the nest (Fig. 1226). 

The eggs hatch four days after they are laid. The larve devour 
the paste which forms their bed and also fresh food furnished by the 
queen. To feed the larve the queen makes a small hole with her 
mandibles in the skin of wax that covers them. While the larve 
remain small they are fed collectively, but when they grow large they 
are fed individually. As the larve grow the queen adds wax to their 
covering, so that they remain hidden. When the larve are full- 
grown, each one spins around itself an oval cocoon, which is thin and 


honey po 
Pollen and eggs 


Fig. 1226.—Honey-pot. (From Sladen.) 


papery but very tough. The queen now clears away most of the 
brown wax covering, revealing the cocoons, which are pale yellow. 
These first cocoons number from seven to sixteen, according to the 
species and the prolificness of the queen. These cocoons are incubated 
by the queen, who spends much time sitting on them, with her 
abdomen stretched to about double its usual length so that it will 
cover as many cocoons as possible. 

The bees that are developed during the early part of the summer 
are all workers; these relieve the queen of all duties except laying the 
eggs. They feed the larvae, construct honey-pots and special recep- 
tacles for pollen or store these substances in cocoons from which 
workers have emerged. The appearance of a nest in mid-summer is 
represented by Figure 1227. Later in the summer malesand queens 
are developed; and in the autumn the colony breaks up. Sedab 

The bumblebees play a very important role in the fertilization of 
certain flowers, as those of red clover, in which the tubular corolla 
is so long that the nectar can not be reached by bees with shorter 


By , 
oo of the Bombidz of the New World was published 


by Franklin (’12-’13). 
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The parasitic bumblebees, Psithyrus.—To this genus belong those 
parasitic bees that infest the nests of bumblebees. They closely re- 
semble bumblebees in appearance and in structure, except that, as 
in other parasitic bees, the females do not possess organs for collecting 
and carrying pollen. Although the females of Psithyrus are easily 
distinguished from those of Bombus by the absence of the pollen- 
baskets or corbicule in the former, the males of the two genera are 
very similar. In Psithyrus there is no worker caste. 


The conclusions of different observers as to the extent of the 
parasitism of Psithyrus differ widely. Sladen (’12) from his studies 
of English species regards them as the deadliest enemies of the 
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Fig. 1227.—Nest in mid-summer. (From Sladen.) 


bumblebees whose nests they infest. He found “That it is the 
practice of the Psithyrus female to enter the nest of the Bombus, to 
sting the queen to death, and then get the poor workers to rear her 
young instead of their own brothers and sisters.” This conclusion is 
not in accord, however, with those of other European writers:and the 
American species of Psithryus whose habits have been studied, rarely 
if ever, kill the host queen. For a detailed account of the relations 
of these parasites and their hosts and for references to the literature 


of this subject see Plath (’22). For descriptions of the New World 
species see Franklin (’12-’13). 
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Famity APIDA 
The Honey-bees 


The family Apide, as restricted here, includes only a single genus 
Apis, of which only four species are known, and one of these is 
doubtfully distinct. In this country a single introduced species, the 
honey-bee, Apis mellifica, is found. This species has been widely 
distributed over the world by man. The other species are restricted 
to the Indomalyan region; these are A. dorsata, A. flérea, and A. 
indica. ‘The last named species is probably a variety of A pis mellifica. 
The colonies of A. dorsata and A. florea build a single pendent comb 
from the lower sides of a branch, and are not available for cultivation. 
A. mellifica and A. indica nest in cavities, as hollow tree-trunks and 
caverns, and will make use of hives prepared for them. 

This family consists of social bees in which the hind tibie are 
without apical spurs; the workers are furnished with pollen-baskets 
or corbiculze on the hind legs, but the queens are without functionally 
developed ones. Unlike the queen of the nest-building bumblebees 
the queen of the honey-bee is unable to found a colony or even to 
exist apart from workers of her own species. 

The honey-bee was introduced into America more than three 
centuries ago, and escaping swarms have stocked our forests with it; 
for when free, swarms almost invariably build their nests in hollow 
trees. These nests include a variable number of vertical combs, which 
have cells on both sides, instead of a single series as is the case in the 
combs of our native social wasps. The cells of which the comb is 
composed are used both for storing the food of the colony and for 
rearing the brood. 

The three castes of bees of which a colony is composed are easily 
distinguished. The workers are the well-known form that we see 
collecting pollen and nectar from flowers and entering and leaving 
the hive in large numbers. They constitute the greater part of the 
colony; an average strong colony will include from 35,000 to 50,000 
workers. They are females in which the reproductive organs are 
imperfectly developed; they do not ordinarily lay eggs, and when 
they do the eggs develop only into males. The workers do not pair 
with males, consequently their eggs are unfertilized, and unfertilized 
eggs of the honey-bee produce only males. The workers are so-called 
because they perform all the labors of the colony. Young workers 
attend to the inside work of the hive; they take care of the young 
brood, and for this reason are termed nurse-bees, they build combs, 
and protect the entrance of the hive against robbers. The older 
workers go into the field to collect pollen, nectar and propolis. 

The drones are larger than the workers, and are reared in larger 
cells. If honeycombs be examined, some sheets will be seen to be 
composed of larger cells than those of the more common type. It is 
in cells of this kind that the eggs are laid which are to develop into 
males. In shape the drones are broader and blunter than the workers. 
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They are few in number and are only present in the hive during the 
early summer. After the swarming season is over, these gentlemen 
of leisure are driven out of the hive by the workers or are killed by 
them. 

The queen is larger than a worker, and has a long pointed body. 
She is developed in a cell which differs greatly from the ordinary 
hexagonal cell of honey- 
comb. This cell is large, 
cylindrical, and extends 
vertically. In Figure 1228 
the beginnings of two queen 
cells are represented on the 
lower edge of the comb, and 
a completed cell extends 
over the face of the comb 
near the left side. From 
the lower end of this cell 
hangs a lid, which was cut 
away by the workers to al- : 
low the queen to emerge. Fig. 1228—Comb of honey-bee with queen- 

The queen larva is fed cells. 
with a substance called royal 
jelly. This is a substance which resembles blanc-mange in color and 
consistency. It is excreted from the mouth by the nurse-bees, and 
is very nutritious food. The origin of this food, whether it is a 
secretion from special glands of the nurse-bees, or is regurgitated from 
their stomachs is not at present known. During the first three days 
of the larval stage of worker bees they are also fed with royal jelly 
after which they are fed with honey and bee-bread. 

It has been demonstrated that in the egg state there is no differ- 
ence between a worker and a queen. When the workers wish to 
develop a queen they tear down the partitions between three adjacent 
cells containing eggs that under ordinary conditions would develop 
into workers. Then they destroy two of the eggs, and build a queen- 
cell over the third. When the egg hatches they feed the larva with 
royal jelly, and it develops into a queen. 

In early summer several queen-cells are provided in each colony. 
As soon as a queen is developed from one of these the old queen at- 
tempts to destroy her. But the young queen is guarded by the work- 
ers, and then the old queen with a goodly portion of her subjects 
swarm out, and they go to start a new colony. 

The swarming of the honey-bee is essential to the continued exist- 
ence of the species; for in social insects it is as necessary for the 
colonies to be multiplied as it is that there should be a reproduction 
of individuals. Otherwise, as the colonies were destroyed the species 
would become extinct. With the social wasps and with the bumble- 
bees the old queen and the young ones remain together peacefully in 
the nest; but at the close of the season the nest is abandoned by all 
,as an unfit place for passing the winter, and in the following spring 
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each young queen founds a new colony. Thus there is a tendency 
towards a great multiplication of colonies. But with the honey-bee 
the habit of storing food for the winter, and the nature of the habita- 
tions render it possible for the colonies to exist indefinitely. And thus 
if the old and young queens remained together peacefully there 
would be no multiplication of colonies, and the species would surely 
die out in time. We see, therefore that what appears to be merely 
jealousy on the part of the queen honey-bee is an instinct necessary 
to the continuance of the species. 

The sting of a queen-bee is no ignoble weapon, but it is rarely 
used except against a rivalqueen. When several young queens mature 
at the same time there is a pitched battle for supremacy, and the last 
left living on the field becomes the head of the colony. One morning 
we found the lifeless bodies of fifteen young queens cast forth from a 
single hive—a monument to the powers of the surviving Amazon in 
triumphant possession within. 

The materials used by bees are wax and propolis, which serve as 
materials for construction; and honey and bee-bread used for food. 

The comb is made of wax, which is an excretion of the bees. 
When a colony needs wax, many of the workers gorge themselves 
with honey and then hang quietly ina curtain-like mass, the upper 
bees clinging to the roof of the hive, and the lower ones to the bees 
above them. After about twenty-four hours there appear on the 
lower surface of the abdomen of each bee little plates of wax that 
are forced out from openings between the ventral abdominal seg- 
ments called wax-pockets. Other workers attend to this curtain and 
collect the wax as fast as it appears, and use it at once in constructing 
comb. 

Propolis is a cement used for cementing up crevices, and is made 
of a resin which the bees collect from the buds of various trees, but 
especially of the poplar. 

Honey is made from the nectar of flowers and is taken into the 
crop of the bee, and there changed into honey, and then regurgitated 
into the cells of the comb. 

Bee-bread is made from the pollen of flowers, which the bees 
bring in on the plates fringed with hairs on the hind legs, the corbicule. 

Very many books have been written regarding the habits of the 
honey-bee; some of these are to be found in most public libraries. 
There are also many manuals for the use of those who wish to keep 
bees; among these is a small one for beginners by Mrs. A. B. Comstock 
(’20) and a cyclopedia by A. I. and E. R. Root (’17). The U.S. De- 
partment of Agriculture has published many bullletins on this subject ; 
one of a general nature is ‘‘Farmers Bulletin 447.” 
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Aaron, S. F., 952 

Abedus, 367 

Acalles, 88 

Acalyptrate, 786, 853 

Acanthaclists, 304 

Acanthocephala femorata, 390 

Acanthomyops, 890 

Acanthostichus, 959 

Accessory cells, 574 

Accessory circulatory organs, 122 

Accessory glands, 162 

Accessory veins, 68 

Acerentomide, 218 

Acerentomon, 218 

Acerentomon doderot, 25 

Acerentulus, 218 

Acetabula, 52 

Achorutes armatus, 228; A. nivicola, 
228; A. maritima, 229; A. soctalis, 228 

Acidalia enucleata, wings of, 667 

Acidaliine, 663, 666 

Acilius, 483 

Ackerman, A. J., 998 

Acoenitini, 923 

Acoloithus falsarius, wings of, 604 

Acone eyes, I41 

Acorn-moth, 628 

Acrida turrita, 134 

Acridide, 252 

Acroceride, 786, 789, 837 

Acrolophide, 582, 589, 611 

Acrolophus, 611; A. arcanellus, 611; 
A. mortipennellus, 611; A. popea- 
nellus, 611 

Acronycta, 689 

Acroschismus bruest, 547 

Acrydiinz, 253, 259 

Acrydium arenosum obscurum, 260; A. 
granulatum, 260 

Aculez, 573 

Abdomen, 75; appendages of the, 76; 
segments of the, 75 

Adalia bipunctata, 512 

Adaptive ocelli, 135, 136 

Adela, 598 ae | 

Adelges, 429; A. abietis, 432; A. abietis, 
gall of, 432; A. green-winged, 432; 
A. pine-bark, 432; A. pine-leaf, 431; 
A. pinicorticis, 432; A. pinifolie, 431; 
gall of, 432; A. wings of, 414, 428 

Adelginiz, 429 

Adeline, 598 

Adelocephala bicolor, 717 

Adelung, N. von., 150 


Adephaga, 468, 469, 476 

Adipose tissue, 123 

Adirondack black-fly, 824 

Adoneta spinuloides, wings of, 608 

Adventitious veins, 70 

Aédes, 806, 809; A. 
calopus, 809 

Aigeriide, 582, 584, 634 

£olothripide, 344 

ee fasciatus, 344; A. nasturtit, 

Eolus dorsalis, 500 

4Eschna cyanea, hind-intestine and part 
of tracheal system of naiad of, 319 

A¥schnidee, 320 

Agamic forms of aphids, 415, 416 

Agaontinz, 942, 943 

Agaristide, 583, 587, 697 

Agathidinz, 921 

Agdistis adactyla, 653 

Aglais milberti, 755 

Agrilus ruficollis, 503 

Agrion, 324 

Agrionide, 324 

Agrionids, true, 324 

Agromyzide, 786, 792, 861 

Agrothereutes extrematis, 928; A. nun- 
clus, 928 

A grotine, 695 

Agrotis c-nigrum, 696 

Ailanthus webworm, 632 

Ailanthus-worm, 727 

Air-sacs, 118 

Akers, Elizabeth, 78 

Alabama argillacea, 686, 687 

Alar frenum, 783 

Alaus oculatus, 501 

Alcidamea producta, 1000 

Alder blight, 421 

Alder-flies, 285 

Aldrich, J. M., 830, 844, 860, 864, 870 

Aleiodine, 920 

Aleurochiton forbesii, 437, 440 

Aleyrodes, 439 

Aleyrodidz, 177, 400, 437 

Aleyrodid, an, 437 

Aleurodothrips fasciapennis, 346 

Alimentary canal, 107 

Alitrunk, 49 

Allaptus, 948 

Alleculidee, 474, 512 

Alsophila pometaria, 664, 665 

Alternation of generations, 935 

Alveolus, 32 


egyplt, 809; A. 
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Alula or alulet, 60, 778 

Alypia langtonii, 698; A. octomaculata, 
697; larva, 698 

Alysiinee, 920, 922 

Ambient vein, 74 

Amblycera, 337 


Amblycheila, 477, 478; A. cylindri- 
formts, 478 
Amblycorypha, 237; A. oblongifolia, 


236, 237; A. rotundifolia, 237; A 
uhlert, 237 
Amblyteles, 929 
Ambrosia-beetles, 542, 544 
Ambrysus, 367 
Ametabola, 174 
Ametabolous development, 174 
Ammophila, 890, 984 
Ampeleca myron, 659, 660 
Amphibolips confluens, 937; A. inanis, 


93 
Amphicerus bicaudatus, 515 
Amphidasts cognataria, 673 
Amphipneustic, 115 
Amphipyra pyramidoides, 691 
Amphizoide, 470, 481 
Ampulicide, 891, 909, 913, 977, 978 
Anabolia nervosa, 557 
Anacampsts tnnocuella, 628 
Anacharitinz, 934 
Anacrabro, 980 
Anajapyx, A. vesiculosus, 224 
Anea, 761; A. andria, 761; A. morri- 

sont, 761; A. portia, 761 
Anal angle, 60 
Anal area, 75; the veins of the, 65 
Anal furrow, 73 
Anal lobe, 888 
Anal lobes, 445 
Anal plates, 445 
Anal ring, 445 
Anal ring setae, 445 
Anal sete, 445 
Anamorphosis, 218 
Anaphothrips striatus, 345 
Anarsia lineatella, 627 
Anasa tristis, 389 
Anastomosis, 326 
Anastomosis of veins, 70 
Anax, 317 
Anaxtpha, 242; A. exigua, 243, 244 
Anchor process, 815 
Ancylis comptana, 922 
Ancyloxipha numitor, 738 
André, E., 954 
Andrena, 996, 997 
Andrenide, 891, 893, 914, 995 
ae erinacet, 936; A. californicus, 


refs 100, 573 
Anepimerum, 51 
Anepisternum, 51 
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Angles of wings, 60 

Angle-wings, the, 754 

Angoumois grain-moth, 626 

Angulifera-moth, 726 

Amisandrus pyri, 545 

Anisolabis annulipes, 462; A. maritima, 
462 

Anisomorpha buprestoides, 262 

Anisopide, 785, 787, 788, 797 

Anisoptera, 316 

Anisopus, 797; wing of, 797 

Anitsota, 717, 927; A. rosy, 719; A. 
rubicunda, 719; A. senatoria, 718; A. 
stigma, 718; A. virginiensis, 718 

Anobiide, 471, 514 

Anobium, 79 

Anopheles, 808; head of, 775 

Anoplura, 211, 214, 347 

Anosia plexippus, head of, 109 

Ant, see Ants 

Antecoxal piece, 54 

Antecubital cross-veins, 319 

Antelope-beetle, 523 

Antenna cleaner, 886 

Antenne, 40, 41; the development of, 
199 

Antennal fossa, fovea, or groove, 779 

Antennal sclerites, 39 

Antenodal cross-veins, 319 

Anteonine, 915 

Anterior arculus, 72 

Anthicide, 475, 498 

Anthidium consimile, 968 

Anthoboscide, 891, 912, 952 

Anthocharis genutia = Euchle genutia, 


743 9 

Anthocoride, 356, 358, 377 

Anthomyiide, 786, 793, 863 

Anthomyioidea, 786 

Anthonomus grandis, 540; A. signatus, 
540; A. quadrigibbus, 540 

Anthony, Maude H., 113, 282 

Anthophora, 890, 996; nests of, 997; A. 
stanfordiana, 996 

Anthrenus museorum, 507; A. scrophu- 
lari@, 506; A. verbasci, 507 

Antispila bfeifferella, wings of, 622 

Antlered larvee, 677 

Ant-lion, head and mouthparts of, 
larva of, 282 

Ant-lions, 303 

Antocha, 799 

Ants, 954; Amazon, 964; carpenter, 
963; corn-field, 964; fungus- -growing, 
962; harvesting, 960; honey, 964; in- 
quiline or guest, 961; mound- build- 
ing, 963; slave-maker, 963; thief, 
960; typical, 963 

Anuraphis maidi-radicis, 419; A. ro- 
seus, 418 

Anurapteryx, 673; A. crenulata, 673 
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Anurida, 47; A. maritima, post-an- 
tennal organ of, 226, 229 

Anus, 113 

Aorta, 122 

A panteles, 921, 927, 947; A. congregatus, 
921; A. glomeratus, 921 

Apantesis, 701; A. virgo, 701 

Apatela, 689; A. americana, 690; A. 
hamamelis, 690; larva, 691; A. 
morula, 690 

Apatelinz, 689 

A patelodes, 707; A. angelica, 708; A. 
torrefacta, 707 

A pechoneura, 930 

A pechthis, 925 

Apex of the wing, 60 

Aphelinide, 941 

Aphelininz, 948 

Aphidide, 177, 400, 415, 417; different 
types of individuals in, 416 

Aphidiine, 919, 920, 922 


Aphidine, bark-feeding, 418;  leaf- 
feeding, 418; root-feeding, 419 

Aphidoidea, 400, 412 

Aphids, 412; giant hickory-, 418; 


strawberry-root, 419; typical, 415; 
woolly, 420 

Aphis, corn-root, 419; A. forbesi, 419; 
A. gossypi, 413; A. melon, 413; A. 
pomt, 418; A. apple-leaf, 418; rosy 
apple-, 418; A. woolly apple, 421 

Aphis-lions, 299 

Aphodian dung-beetle, 517 

Aphodius, 517; A. fimetarius, 517 

A phrophora quadranotata, 403 

Aphycus eruptor, 939 

Apide, 108, 891, 893, 914, 1005 

Apis, 992, 1005; A. dorsata, 1005; A. 
florea, 1005; A. indica, 1005; A. mel- 
lifica, 1005; wings of, 884 

A piocera, wing of, 843 

Apioceride, 786, 789, 842 

A pocrita, 907 

Apodemes, 95, 98 

Apoidea, 989, 993 

Apophyses, 31 

Appendages, the development of, 194 

Apple fruit-miner, 631 

Apple-maggot, 857 

Apple-worm, many-dotted, 691 

Apposed image, 143 

Aptera, 207 

A pterobittacus, 554; A. apterus, 554 

Apterogynine, 916 

Apterygogenea, 206 

Apterygota, 206, 211, 217 

Apyrrothrix araxes, 735 

Aquatic Hymenoptera, 889 

Arachnida, 9 

Aradide, 357, 358, 359, 388 

Aradus acutus, 389 
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Areocerus fasciculatus, 537 
Archanara, 692 
Archips argyrospila, 643; A. cerasi- 


vorana, 642; A. fervidana, 643; A. 
rosana, 642 

Arctiidae, 583, 588, 699 

Arctiinz, 700 

Arculus, 72 

Areolet, 928 

Argentine Ant, 962 

Argidee, 891, 895, 904, 905 

Argynnis cybele, 751 

2) Eres conjugella, 631; A. thuiella, 

Bi 

Arilus cristatus, 381 

Arixenia esau, 463; A. jacobsoni, 463 

Arixeniide, 463 

Armored Scales, 454 

Army-worm, 694 

Arolium, 58 

Arthoceras, 833 

Arthromacra @nea, 514 

Arthropeas, 833 

Arthropleona, 228 

Athropoda, 1 

Articular membrane of the setz, 32 

Articular sclerites of the legs, 53; of 
the wings, 54, 55 

Arzama, 692; A. obliqua, 692, 693 

Ascalaphide, 284, 305 

Aschiza, 786, 847 

Ascodipteron, 875 

Ascogaster quadridentatus, 921 

Ashmead, W. H., 921, 922, 929, 968 

Asilidee, 786, 788, 840 

Asparagus-beetle, 530 

Aspicerine, 934 

Aspidiotus perniciosus, 458 

Astatini, 980, 981 

Astatus bicolor, 981; A. unicolor, 981 

Asteiide, 786, 792, 860 

Asterochiton packardi, 440; A. vapora- 
riorum, 439 

Ateuchus, 88; A. sacer, 516 

Atherix, 835; A. ibis, 835, 836 

Altlanticus, 240; davist, 
testaceus, 240 

Atropide, 333 ; 

Atropos divinatoria, 80; A. pulsatoria, 
334 : 

Atryone conspicua, 738 

Attelabine, 538 

Attelabus, 538 

Altteva aurea, 632 

Attii, 962 

Auditory pegs, 147 

Audouin, J. V., 49 

Augochlora, 996 

Aulacaspis rose, 458 

Aulacid, wing of, 930 

Aulacide, 890, 892, 908, 917, 929 


240; A. 
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Aulacus, 929 : 

Autographa brassice, 687; A. falctfera, 
687, 946 

Automeris 10, 722 

Axillaries, 54 

Axillary cord, 60; A. excision, 61, 778; 
A. furrow, 74; A. membrane, 60 

Axima, 945 


Bacillus pestis, 879 

Back-swimmers, 362 

Bad-wing, 667 

Beus, 933 

Bag-worm Moths, 613; Abbot’s, 613; 
evergreen, 614 

Baker, A. C., 419 

Baker, C. F., 880 

Balaninus, 539; B. nasicus, 539; B. 
proboscideus, 539; B. rectus, 539 

Baliosus rubra, 534 

Balsa malana, 691 

Baltimore, the, 752 

Banded elfin, 770 

Banded purple, 758 

Banks, Nathan, 280, 296, 303, 307, 951 

Barber, H. S., 494 

Bark-beetles, 543; 
peach-tree, 544 

Barnacle scale, 454 

Barnes and Lindsey, 673 

Barnes and McDunnough, 602 

Basal anal area, 320 

Basal anal cell, 327 

Basal or subbasal band, 575 

Basement membrane, 31, 109, 118 

Basilarchia, 750; B. archippus, 759; B. 
archippus floridensis, 760; B.arthemis, 
758; B. astyanax, 758; B. proserpina, 
758 

Basilona imperialis, 717 

Basswood leaf-roller, 646 

Bat-ticks, 875 

Bean leaf-roller, 736 

Bean-weevil, 535 

Bear animalcules, 12 

Beard, 781 

Beaver-parasite, 486 

Bedbug, 103, 355, 378 

Bedbug, ‘big, 382 

Bedbug-hunter, masked, 381 

Bedellia somnulentella, 616; wings of, 616 

Bee-bread, 1006, 1007 

Beech-tree blight, 422 

Bee-flies, 838 

Bee-lice, 876 

Bee-moth, 650 

Bees, 952, 977, 978, 989; bifid tongued, 
993; hairs of various, 990; leaf-cutter, 
999; three castes of, 1005 

Beet or Spinach leaf-miner, 864 

Beetles, 464 


fruit-tree, 544; 
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Beetle, ventral aspect of a, 465 

Beggar, 669 

Belidee, 476, 537 

Bella-moth, 700 

Bellesme, J., 92 

Bellura, 691; B. diffusa, 691, 692; B. 
gortynoides, 691, 692; B. melanopyga, 
691; B. white tailed, 692 

Belonogaster, 972 

Belostoma, 367; B. fluminea, 367 

Belostomatide, 356, 357, 365 

Belytide, 890, 910, 915, 916, 932 

Belytinz, 910, 915, 932 

Bembecia marginata, 636 

Bembicini, 981, 986, 988 

Bembex, 979, 988 

Benacus, 366; B. griseus, 367 

Bequaert, J., 889 

Berlese, A., 25, 106, 113, 128, 132, 133, 
134, 151, 155, 398 

Berothide, 284, 298 

Berotha insolita, 298 

Bethylide, 891, 892, 894, 911, 916, 965, 


979 

Betten, Dr. Cornelius, 559 

Bezzi, M., 828, 876 

Bibionide, 785, 788, 820 

Bibio, 820; wing of, 821 

Bibtocephala doanet, mouth parts of 
female, 826 

Big-eyed Flies, 849 

Bill-bugs, 540 

Bird-lice, 335 

Bischoff, H., 952 

Bittacomorpha clavipes, 797 

Bittacus, 553, 554 

Blackberry crown-borer, 636 

Black-dash, 738 

Black-flies, 821; innoxius, 824; white- 
stockinged, 824 

Black scale, 453 

Black witch, 685 

Blastobasidae, 582, 589, 591, 628 

Blastophaga, 59; B. psenes, 943 

Blasturus, 312 

Blatchley, W. S., 236, 502 

Blatchley and Leng, 475, 536 

Blatta orientalis, 266 

Blattella germanica, 265, 266 

Blattide, 234, 263 

Blattoidea, 263 

Blepharocera, 144; B. tenuipes, 826; 
wing, 825; section of head, 825; 
larva, 826 

Blepharoceridz, 786, 787, 824 

Blissus leucopterus, 387 

Blister-Beetles, 495 

Blood, 122 

Blood-gills, 114, 120 

Blow-fly family, 869 

Blues, the, 771 


INDEX 


Blue, tailed, 772 

Bluebottle- fly, large, 870 

Body-segments, 34 

Body-wall, 29, 34 

Boletotherus cornutus, 513 

Bollworm, pink, 628 

Bombardier-beetles, 479 

Bomb-fly, 868 

Bombias, 1002 

Bombide, 890, 891, 
1001, 1003 

Bombus, 890, 1002, 1004; nest of, 1004 

Bombycide, 583, 585, 727 

Bombyliide, 786, 788, 789, 838 

Bombylius, 838 

Bombyx mort, 128, 727 

Book-lice, 331, 333 

Book-louse, mouth-parts of, 331 

Boophilus annulatus, 2 

Borboridz, 786, 791, 794, 855 

Boreus, 550, 551, 553 

Boriomyia, 297 

Borner, C., 430, 432, 876 

Bot-flies, 864: common, 865; of Horses, 
864; red-tailed, 866; sheep, 867; 
stomach, 865 

Bothropolys multidentatus, 21 

Bostrichide, 471, 515 

Brachelytra, 467, 468; families of the, 


893, 914, 993, 


470 
Brachinus, 479, 480 
Brachyacantha, 512 
Brachycentrus nigrisoma, 569, 570 
Brachycera, 786, 828; Anomalous, 786, 
829; True, 786 
Brachygastra lecheguana, 973 
Brachypauropodide, 19 
Brachyrhinus ovatus, 539; B. sulcatus, 


539 

Brachystola magna, 257 

Bracon, 919 

Braconide, 890, 892, 908, 915, 917, 
919 

Braconine, 920, 9 

Bradley, Prof. Ue C. 886, 889, 908, 950, 
953, 954, 966, 979 

Brand, 738 

Brathinide, 471, 486 

Brathinus, 486 

Brauer, F., 206 

Braula, 876; B. ceca, 876; B. kohli, 876 

Braulidz, 787, 794, 876 

Braun, A. F., 575, 592, 601 

Breast bone, 815 

Bremide, 890 

Bremus, 890 

Brenthts, 752 

Brentidz, 476, 536 

Brephinz, 663, 664 

Brephos infans, 664 

Brindley, H. H., 172 
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Brine-flies, 859 

Bristle-tails, 219 

Bristles, antipygidial, 879; the ab- 
dominal of Diptera, 785; the cephalic 
of Diptera, 781; of the legs of Dip- 
tera, 785; the thoracic of Diptera, 
783, 784 

Brown-tail moth, 682 

fen neeS funebris, 945 

Brtesy Gr enOB i 

Brychius, 481 

Bubonic plague, 879 

Bucca, 779 

Buccule, 353 

Bucculatrix, apple, 616; B. pomtfoliella, 
616; cocoons of, 616 

Bucculatrigide, 617 

Buckley, 955 

Bud-moth, 641 

Buenoa, 364 

Buffalo-gnat, Southern, 824 

Bugnion and Popoff, 398 

Bugs, ambush-, 382; assassin-, 380; 
burrower-, 391, 392; chinch-, 386, 
387; creeping water-, 367; flat-, 388; 
flower-, 377; four-lined leaf-, 375; 
giant water-, 365; harlequin cab- 
bage-, 391; insidious flower-, 378; 
lace-, 384; leaf-, 375; many-combed, 
379; negro, 391, 392; shield-backed, 
392; shore, 369; squash-, 389; stilt-, 
388; stink-, 390; tarnished plant-, 
376; thread-legged, 382; toad-shaped, 
368; true, 350; unique-headed, 383 

Bulle, 74 

Bumblebees, 
1004 

Buprestide, 472, 502 

Buprestid, Virginian, 503 

Buprestis, 907 

Burges, E., 109, 160 

Burke, H. E., 907 

Bursa copulatrix, 159 

Busck, A., 625, 628 

Busck and Boving, 594 

Butterflies, 571, 581, 583, 739 

Buzzing of flies and bees, 91 

Byrrhide, 471, 508 

Byturide, 472, 510 

Byturus, 510; B. unicolor, 510 


1001, 1002; parasitic, 


Cabbage-butterfly, 746; development 
of the wings of, 196 

Cabbage looper, 687 

Cabbage-root maggot, 863 

Cacecia, 642 

Caddice-Flies, 555; Micro-, 561 

Caddice-worms, 557 

Cadelle, 508 

Cecum, 113 

Cenis, 309, 312 
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Cenomyia ferruginea, wing of, 833 

Cenurgia, 688; C. crassiuscula, 688; C. 
erechtea, 688 

Calamoceratide, 559, 560, 567 

Calandra granaria, 541; C. oryz@, 541 

Calendrinz, 540 

Calephelis borealis, 767; C. virginiensts, 
767 

Caliroa cerast, 904 

Calledapteryx dryopterata, 709 

Callibetis, 312 

Calliceratide 890, 932 

Callimome druparum, 943 

Callimomine, 890, 943 

Calliphora, 869; C. erythrocephala, 870; 
C. vonutoria, 870 

Calliphoride, 787, 793, 869 

Callosamia angulifera, 726; C. pro- 
methea, 724, '725; cocoon of, 189 

Callizzia amorata, 709 

Calocalpe undulata, 668, 669; eggs and 
nest of, 669 

Caloptenus ttalicus, 149 

Calopteron reticulatum, 491 

Calopteryx, 324 

Calosoma calidum, 479, 480; C. scru- 
tator, 479; C. sycophanta, 479 

Calypterate, 786, 862 

Calypteres, 778 

Camel-crickets, 241 

Campodea, 157, 161; C. staphylinus, 224 

Campodeide, 224 

Campodeiform, 184 

Camponotus herculeanus pennsylvani- 
cus, 963 

Campoplegini, 927 

Campsomeris, 954 

Camptonotus carolinensis, 240 

Campylenchia latipes, 405 

Canaceide, 786, 792, 859 

Canace snodgrassi, 859 

Candle-fly, Chinese, 409 

Canker-worm, spring, 6718 
control of, 665 

Cantharidz, 473, 492 

Cantharts vesicatoria, larva of, 117 

Canthon levis, 517 

Capitate, 41 

Capttonius, 930 

Capnia, 179, 330; C. pygmea, 326; C. 
wing of, 330 

Capniidee, 330 

Caprification, 944 

Caprifigs, 944 

Capside, 375 

Carabide, 470, 478 

Carabus auratus, alimentary canal of, 
110 

Cardo, 44 

Caripeta angustiorata, wings of, 662 

Carlet, G., 89, 90 


fall, 664; 
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Carolina locust, 82 
Carpenter, G. H., 17 
Carpenter-bee, large, 972, 998; small, 


997 
Carpenter-moth, locust-tree, 603 
Carpenter-moths, 601 
Carpenter-worm, lesser oak, 603 
Carpet-beettle, 506 
Carpocapsa pomonella, 639 
Carposina fernaldana, 644 
Carposinide, 582, 590, 638, 644 
Carriére and Burger, 103 
Carrion-Beetles, 487 
Carrot rust-fly, 859 
Case-bearer, cigar, 621 
Cat-flea, 882 
Catocala, 688; C. fraxint, wings of, 684; 
C. ilia, 688 
Catocalinz, 687 
Catopsilia eubule, 749 
Cat-tail moth, 629; noctuids, 692 
Caudell, A. N., 240, 241, 272 
Caulocampa acericaulis, 903 
Cave-crickets, 241 
Cebrionide, 473, 499 
Cecidomyia albovittata, 817 
Cecidomytide, 785, 787, 788, 813 
Cecidomyiine, 816, 817 
Cecropia-moth, 726 
Cedar-beetles, 499 
Cedar tineid, 631 
Celama triquetrana, 705 
Celerio lineata, 660, 661 
Celery looper, 687 
Cells of the wing, terminology of the, 72 
Celonites abbreviatus, 967 
Cenchri, 887 
C entipedes, 20 
Cephaloide, 474, 494 
Cephide, 890, 891, 900 
Cephus pygmaeus, 901; wings of, 901 
Cerambycide, 475, 524 
Cerambycids, typical, 526 
Cc erambycine, 526 
Ceramica picta, 694; larva, 695 
Ceramius lusitanicus, 967 
Cerapachyine, 958, 959 
Cerapachys, 959 
Ceraphronide, 890, 910, 915, 932 
Ceraphronine, 933 
Cerastipsocus venosus, 331 
Ceratina dupla, 946, 997; nest of, 998 
Ceratocombus, 374 
Ceratogastra, 926 
Ceratophillida, 882 
Ceratophyllus fasciatus, 878; C. multis- 
pinosus, 878 
Ceratopogon, 136 
Ceratubee, 446 
Cercerini, 980, 986 
Cerceris clypeata, 986; C. wings of, 986 
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(Carmen Ail 14h, Oe) 

Cercopide, 400, 402 

Cercyonis alope, 762; C. alope nephele, 
763; alope maritima, 763 

Ceresa bubalus, 404; C. diceros, 405 

Ceropales, 951 

Cerophytide, 472, 499 

Cerophytum, 499 

Ceroplastes, 453; C. cirripediformis, 454 

Cerores, 446 

Cervical sclerites, 40 

Ceuthophilus, 232, 241; C. lapidicola, 
233; C. maculatus, 241; C. uhleri, 
241 

Chetopsis enea, 856 

Chain-dotted geometer, 670 

Chalarus, 850 

Chalastogastra, 890, 891, 894, 895 

Chalcid-flies, 939 

Chalcid-fly, wing of, 939 

Chalcidide, 892, 894, 9IT, 915, 941 

Chalcidine, 941, 942, 944 

Chalcidoidea, 890, 939, 940 

Chalcis, 945 

Chalicodoma muraria, 1001; nests of, 
1001 

Chalcophora virginica, 503 

Chalybion cerulium, 954, 984 

Chamesphecia tipuliformis, 637 

Chameyide, 862 

Chamyrts cerintha, 689 

Chapman, T. A., 593 

Charipine, 934 

Chauliodes, 288; C. pectinicornis, 288; 
C. rastricornts, 288 


Chaultognathus, 492; C. marginatus, 
492; C. pennsylvanicus, 492 
Cheeks, 779 


Cheek-grooves, 779 

Cheese-maggot, 858 

Chelonariide, 471, 506 

Chelonarium lecontei, 506 

Chelonine, 920 

Chelophores, 11 

Chelymorpha cassidea, 534 

Chemical sense organs, 130, 132 

Chermes, 429; C. abieticolens, 432; C. 
viridis, 432 

Chermidz, 400, 410 

Cherry-fruit-flies, 857 

Cherry-tree ugly-nest tortricid, 642, 643 

Cheshire, F. R., 102, 103 

Chiasognathus, 88 

Chickweed geometer, 666 

Chigoe, 883 

Child Geir, 

Chilopoda, 20 

Chimarrha aterrima, 563 

Chinch-bug, 386 

Chin-fly, 866 

China wax, 102, 441 


153, 154 
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Chionaspis pintfolie, 456, 458 

Chionaspis furfura, 441, 457 

Chionea, 799 

Chiromeles torquatus, 463 

Chironomide, 785, 788, 793, 802 

Chironomus, 120, 147, 148; wing of, 803 

Chirotonetes albomanicatus, wing of, 
309, 310 

Chitin, 30 

Chitinized tendons, 95 

Chloealtis conspersa, 259 

Chlorion, 984; C. cyaneum, 984; C. tch- 
neumoneum, 984; C. atratum, 987 

Chlorippe celtis, 761; C. clyton, 760 

Chloropide, 786, 792, 860 

Chordotonal ligament, 147 

Chordotonal organs, 145, 146, 147, 
148; of the Acridiide, 148, 149; of the 
Locustidee and of Gryllide, 149 

Choreutine, 633 

Chortophaga viridifasciata, 257 

Choruses, 93 

Cholodkovsky, N. A., 432 

Chrysalid, 186 

Chrysalis, 186 

Chrysanthemum gall-midge, 820 

Chrysididze, 891, 892, 911, 950, 951 

Chrysts nitidula, 952 

Chrysobothris femorata, 503 

Chrysomelide, 475, 530 

Chrysomphalus tenebricosus, pygidium 
of, 448 

Chrysomyia macellaria, 870 

Chrysopa, 170, 171, 300; C. nigricornts, 
wings of, 300, 301, 302 

Chrysopide, 109, 284, 299 

Chrysops, 830; C. niger, 830 

Chylestomach, I1I 

Chyphotinz, 916 

Cicada, head of, 397, 398; the musical 
organs of a, 89, 90; tracheation of 
wings of, 395, 396 

Cicada-killer, 987 

Cicada, periodical, 402 

Cicada plebia, 89 

Cicadas, 177, 401 

Cicadidee, 400, 401 

Cicadellid, 400, 406, 978 

Cicindela, 476, 477, 478; maxilla of, 45 

Cicindelide, 469, 476 

Cicinnus melsheimert, 713 

Cigarette-beetle, 515 

Cimbex americana, 902; blade of ovi- 
positor of, 895 

Cimbicide, 890, 891, 895, 902 

Cimex, 378; C. lectularius, 378, 379; C. 
pilosellus, 378 

Cimicide, 356, 358, 378 

Cingilia catenaria, 670 

Circular-seamed Flies, 846 

Circulation of the blood, 122 
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Circulatory system, 121 

Circumfili, 814 

Cirphis unipuncta, 694 

Ciside, 474, 515 

Citheronia regalis, 716, 717; wings of, 
714 

Citheroniide, 583, 715 

Claassen, P. W., 327, 692 

Cladius tsomerus, 904 

Clambide, 470, 488 

Clastoptera, 403; C. 
proteus, 403 

Clavate, 41 

Clavicornia, 467, 469 

Claviform spot, 575 

Clavigeride, 470, 490 

Clavola, 41 

Clavus, 350 

Clear-winged moths, 634 

Clear-wing, thysbe, 661 

Clemensia albata, 705 

Cleonymine, 941, 942, 946 

Cleptes, 951 

Cleptidee, 890, 911, 950, 951 

Cleride, 473, 493 

Click-beetles, 499 

Climacia dictyona, 292; 
cocoon-cover of, 292 

Clisiocampa americana, 170 

Clistogastra, 890, 891, 894, 907, 908 

Cloaked knotty-horn, 527 

Cloéon, head of, 144; C. dipterum, 312 

Close-wings, 649 

Closing apparatus of the trachee, 
116 

Clothes-moths, 612; case-bearing, 612; 
naked, 612; tube-building, 612 

Clothilla pulsatoria, 80 

Clothing hairs, 33 

Clouded sulphur, 748 

Cloudy-wing, northern, 737; southern, 


obtusa, 404; C. 


cocoon and 


737 

Clover-flower midge, 818 

Clover-hay worm, 649 

Clover-leaf midge, 818 

Clover-looping-owlets, 688 

Clover-root borer, 542 

Clover-seed caterpillar, 641 

Clover-seed chalcid, 945 

Clover-worm, green, 685 

Clusiidee, 786, 790, 854 

Cluster-fly, 870 

Clypeus, 38, 779 

Cnaphalodes strobilobius, 430 

Cnephia pecuarum, 824 

Coarctate pupa, 191 

Coboldia formicarium, 821% 

Coccide, 177, 400, 401, 440 

Coccid-eating pyralid, 652 

Coccids, the Cochineal, 450; the en- 
sign, 450; the giant, 449; metamor- 
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phosis of, 448; mouth-parts of a, 443; 
the pseudogall, 454 

Coccine, 450 

Coccinella novemnotata, 512 

Coccinellidee, 473, 511 

Cochineal, 441 

Cochlidiide, 608 

Cockroach, head of a, 38; head and 
neck of, 39; internal anatomy of, 107; 
labium of a, 46; tentorium of a, 96; 
the base of a leg of a, 53 

Cockroach, American, 266, 267; com- 
mon wood-, 266, 267; oriental, 266; 
wing of nymph of, 265 

Cockroaches, 263, 950 

Coccophagus, 948 

Coccus cactt, 441, 450 

Cocoon, 188; modes of escape from the, 


188 

Codlin-moth, 639 

Coelioxys, 993 

Coenagrionide, 324 

Cenomytia ferruginea, 834 

Coenomyiide, 786, 789, 834 

Coffee-bean weevil, 537 

Colenis julia, 764 

Cole, F. R., 838, 844 

Coleophora, 620; C fletcherella, 621; 
maltvorella, 620, 621 

Coleophoride, 582, 591, 620 

Coleoptera, 109, 211, 213; 214, 215, 
218, 464; synopsis of the, 467 

Colleterial glands, 160 

Colletes, 991, 992; C. compacta, 994 

Colletinz, 914, 994 

Collembola, 214, 217, 225 

Collophore, 76, 227 

Collops quadrimaculatus, 493 

Colonici, 434 

Colopha eragrostidis, 423; C. ulmicola, 
422, 423 

Coloradia, 719; C. pandora, 721 

Colorado potato-beetle, 531 

Colors of butterflies and moths, 573 

Colydiide, 474, 510 

Colymbetes, 483 

Comma, gray, 757 

Comma, green, 756 

Commissure, 125 

Complete metamorphosis, 180 

Compound eyes, 134, 139; absence of, 
135; dioptrics, 141 

Compton tortoise, 756 

Comstock, Mrs. ANB! , 1007 

Comstockas pis perniciosa, 458 

Concave veins, 73 

Coniopterygide, 307 

Conjunctiva, 34 

Connectives, 123 

Connexivum, 355 

Conocephalinz, 235, 238 
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Conocephalus, 86, 87, 233, 238; C. 
fasciatus, 233, 941 

Conopide, 786, 790, 791, 853 

Conops, 854; wing of, 60 

Conorhinus, 382 

Conotrachelus nenuphar, 539 

Contarinia pyrivora, 820 

Convex veins, 73 

Cook he Gs 873 

Copidosoma’ gelechie, 889; C. trunca- 
tellum, 946 

Copiphorinzs, 235, 239 

Copper, American, 771; bronze, 771 

Copper hindwing, 691 

Coppers, 770 

Copris, 517; C. carolina, 517 

Coptodisca splendoriferella, 622, 623 

Coquillett, D. W., 823, 845, 871 

Corbicula, 991 

Cordulegaster, 320 

Cordyluride, 786, 790, 854 

Coreide, 357, 359, 389 

Corethra, 121; C. culiciformis, 154; C. 
plumicornis, 807 

Corethrinz, 806 

Corisa, 360 

Corium, 350 

Corixa, 360; C., eggs of, 362; C. mer- 
cenaria, 362 

Corixide, 356, 357, 360 

Corn-borer, European, 648 

Cornea, 138, 139 

Corneagen, 138 

Corneal hypodermis, 138, 139 

Corn ear-worm, 

Corneas of the compound eyes, 36; of 
the ocelli, 37 

Corn stalk-borer, larger, 650 

Corrodentia, 212, 213, 214, 217, 331 

Corrugations of the wings, 73 

Corydaline, 286 

Corydalus, 62, I1I, 119, 125, 126, 136; 
head Ss 30: head of a larva of, 38, 
nga C larva of, 288; C. cornutus, 
287, 288; wing of pupa of, 287 

Corylophide, 471, 488 

Corynetide, 473, 493 

Corythucha arcuata, 384 

Cosmocoma elegans, 949 

Cosmoplite, 755 

Cosmopterygide, 582, 591, 592, 629 

Cosmopteryx, 630 

Cosmosoma myrodora, 707 

Cosside, 582, 585, 601 

Cossine, 603 

Cossus ligniperda, 104, 105 

Costa, 64 

Costal fold, 735 

Costal margin, 60 

Costal spines, 575 

Cosymbia lumenaria, 666 
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Cotalpa lanigera, 519 

Cotinus nitida, 522 

Cotton-boll weevil, 540 

Cotton-boll worm, "695 

Cotton-moth, maxilla of the, 575 

Cotton- stainer, 385 

Cotton-worm, 686 

Cottony maple- -scale, 453 

Cow-killer ant, 954 

“Cow-shed”’ built by ants, 961 

Coxa, 56 

Coxal cavities, 52 

Coxites, 222 

Crabro, ‘989; C. singularis, wings of, 988 

Crabronide, 890 

Crabronine, 988 

Crabronini, 980, 989 

Crambidia pallida, 705 

Crambine, 649 

Crambus, 650: C. caliginosellus, 650; C. 
hortuellus, 650 

Crampton, G.C., 40, 43, 49, 233, 272, 
592 

Cranberry fruit-worm, 652 

Crane-flies, 795; phantom, 797; prim- 
itive, 796; so-called false, 797; typ- 
ical, 798 

Crawford, ID); 1, Seo, Geir 

Cray-fishes, 6 

Cremaster, 187 

Cremastini, 923 

Cremastogaster lineolata, 960 

Creophilus maxillosus, 489 

Crescent-spots, 752 

Cresson, E. T., 856 

Cricetomys, 463 

Cricket, head of a, 37, 40, 136; part of 
the tentorium of a, 96 

Crickets, 242; ant-loving, 249; field-, 
247; house-, 248; larger brown bush-, 
244; larger field-, 248; mole-, 250; 
pigmy mole-, 251; smaller field”, 248; 
sword- bearing, 243; tree-, 245; wing- 
less bush-, 250 

Crioceris asparagi, 530 

Crista acustica, 152 

Crochets, 578 

Crop, 110 

Crosby, C. R., 377, 459, 889, 943, 946 

Crosby and Leonard, 575 

Cross-veins, 64, 71 

Crotch, 88 

Croton-bug, 265, 266 

Crumena, 444 

Crura cerebri, 123 

Crustacea, 6 

Cryptide, 890 

Cryptine, 924, 927 

Cryptini, 923, 928 

Cryptochetum, 861 

Cryptophagide, 472, 474, 510 
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Cryptoptilum trigonipalpum, 250 

Crystalline cone-cells, 140 

Ctenidia, 879 

Ctenocephalus canis, 882; C. felis, 878, 
882 

Ctenucha virginica, 706 

Cuban termite, nest of, 279 

Cubital area, 320 

Cubito-anal fold, 73 

Cubitus, 64 

Cuckoo-wasps, 951, 952 

Cucujide, 472, 474, 509 

Cucujo, 165 

Cucujus clavipes, 509 

Cucullia, 694; C. speyeri, 694 

Cuculliine, 693 

Cucumber 'flea-beetle, 533 

Culex, 153, 806, 807; larva of, 805; C. 
egyptt, 809 

Culicide, 785, 787, 804 

Culicine, 807 

Culicotdes, 803 

Cupeside, 471, 494 

Curculio, apple-, 540 

Curculionide, 476, 537 

Curculionine, 539 

Curculios, 537 

Curicta, 364 

Currant borer, imported, 637 

Currant fruit-fly, 858 

Currant fruit-worm, 644 

Currant moth, pepper-and-salt, 673 

Currant span-worm, 670 

Currant stem-girdler, gol 

Currant-worm, imported, 903 

Cushman, R. A., 906, 907 

Cuticula, 30 

Cuticular nodules, 31 

Cut worms, 696 

Cybtster, 483 

Cycloplasts panicifoliella, 634 

Cyclops, 6 

Cyclorrhapha, 786, 846; with a frontal 
suture, 852; without a frontal suture, 
847 

Cyclostomi, 920 

Cydnide, 357, 359, 391 

Cydnine, 392 

Cyladine, 538 

Cylas formicarius, 538 

Cylisticus convexus, 7 

Cyllene carye, 528; C. robine, 527 

Cymatophora ribearia, 670 

Cynipide, 890, 892, 894, 915, 934 

Cynipine, 915, 934 

Cynipoidea, 890, 934. 

Cynomyia cadaverina, 870 

Cypridopsis, 6 

Cyrtidez, 837 

Cyrtomenus mirabilis, 392 

Cyrtophyllus concavus, 93 
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Cyrtoxipha columbiana, 244 


Dactylopius, 28 

Dactyls, 251 

Dagger, American, 690; ochre, 690; 
witch-hazel, 690 

Dalceride, 582, 585, 605 

Dalcerides ingenita, 606 

Dalla Torre, 347, 934 

Damsel-flies, 314, 315, 321; naiad of, 
323; stalked-winged, 324; tracheal 
gill of a, 120, 323 

Danaine, 750, 765 

Danaus archippus, 759, 765; chrysalis, 
766; larva, 766; D. berenice, 766; D. 
berenice strigosa, 766 

Dance-flies, 845 

Daphnia, 6 

Darkling Beetles, 513 

Darwin, Charles, 88, 181 

Dascillidee, 472, 505 

Dascillus cervinus, 505 

Dasymutilla occidentalis, 953 

Dasyneura leguminicola, 818; D. trifolit, 
818 

epee ee 28, 675; D. ministra, 675; larva, 
675 

Davidson, Dr. Anstruther, 968 

Day-eyes, 142 

Death-watch family, 514 

Death-watch, 80, 515 

Decatoma, 945 

Decticinz, 235, 239 

Decticus verrucivorus, 150, 151, 152 

Definitive accessory veins, 69 

Deltoids, 685 

De Meijere, 58 

Dendroleon, 304 

Dengue, 810 

Densariz, 447 

Dentes, 228 

Depressaria heracliana, 624; wings of, 

4 

Dermaptera, 212, 214, 460 

Dermestes lardarius, 506 

Dermestide, 472, 506 

Dermis, 31 

Derobrachus brunneus, 526 

Derodontide, 473, 510 

Desmia funeralis, 646 

Desmocerus palliatus, 464, 527 

Deutocerebrum, 124 

Development without metamorphosis, 
174 

Dewitz, H., 1o1 

Dexiine, 871 

Diabrotica, 532; D. duodecimpunctata, 
532; D. longicornis, 532; D. soror, 
532; D. vitata, 532 

Diacrisia virginica, 703 

Dialeurodes citri, 440 
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Diamond-back moth, 632 
ii ono hyalinata, 647; D. nitidalis, 
8 


Diapheromera, 169; D. femorata, 261 
Diapriine, 910, 932 

Diarthronomyia hypogea, 820 
Diaspidine, 454 

Diatrea saccharalis, 650; D. zeacolella, 


650 
Dibrachys boucheanus, 947 
Dicalus, 480 
Dicerca dwwaricata, 503 
Dichorda iridaria, wings of, 666 
Digitate mine, 620 
Digitules, 442 
Digitus, 45 
Dilar americanus, 297 
Dilaride, 284, 297 
Dinetini, 980, 982 
Dineutus, 484 
Diodontus, 985 
Dione vanille, 764 
Diopside, 786, 791, 859 
Dioptide, 583, 585, 673 
Diplazonine, 923 
Diplazon letatorius, 926 
Diplolepis centricola, 938 
Diplopoda, 15 
Diploptera, 966; The Solitary, 967 
Dipsocoride, 356, 358, 374 
Diptera 2iaye tas 205) 207.0773 
Diptera, synopsis of the, 785 
Discal cell, 74, 886 
Discal vein, 74 
Disholcaspis globulus, 938 
Dissosteira carolina, 82, 233, 234, 258 
Distal retinula cells, 140 


Divers, 691 
Diver, black-tailed, 691; brown-tailed, 
692 


Diverse-line moth, 668 

Divided eyes, 144 

Diving-beetles, the predacious, 482 

Dixa, larva of, 800; wing of, 

Dixide, 785, 788, 800 

Doane, Prof. R. W., 968 

Dog-flea, 882, 877 

Dog’s head, 749 

Dolichoderine, 958, 962 

Dolichopodide, 786, 789, 843 

Dolichopus coquilletti, wing of, 844; D. 
lobatus, 843 

Dolichurus, 978 

Donacia, 530 

Dontisthorpea, 890 

Dorcus parallelus, 523 

Dorsal diaphragm, 121, 162 

Doru aculeatum, 463 

Doryctinz, 920 

Doryline, 958 

Douglasiide, 582, 591, 623 


800 
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Doyére, M., 12, 13 

Dreculacephala, 407; D. reticulata, 407 

Dragon-flies, 314, 316 

Dragon-fly, exuviee of naiad of, 319 

Drepana arcuata, 711, 712 

Drepanide, 583, 587, 588, 710 

Drone-fly, 851 

Drones, 1005 

Drosophila ampelophila, 861; D. mela- 
nogaster, 861; egg of, 168 

Drosophilide, 786, 792, 860 

Dryinide, 891, 892, 911, 915, 978, 979 

Drug-store beetle, 515 

Dryopide, 471, 504 

Ducke, A., 969 

Dufour, L., 110 

Dung-beetles, earth-boring, 517 

Dung-flies, 854, 855 

Dusky-wing, Martial’s, 737 

Dyar, H. G., 33, 173, 579, 610, 807, 810 

Dynastes grantit, 520; D. hercules, 26, 
520; D. tityrus, 520 

Dysdercus suturellus, 385, 386 

Dysodia oculatana, 654 

Dyspteris abortivaria, 667; wings of, 
668 

Dytiscide, 470, 482 

Dytiscus, 483 


Earinus limttarts, 921 

Earwig, European, 463; hind wing of 
an, 461; handsome, 462; little, 462; 
ring-legged, 462; seaside, 462; spine- 
tailed, 463 

Earwigs, 460 

Eaton, A. E., 311 

Ecdysis, 171 

Echidnophaga gallinacea, 883 

Echidnophagide, 882 

Eciton, 959 

Ectoderm, 29 

Ectognatha, 222 

Ectotrophi, 220 

Egg, 166; -burster, 171; -calyx, 159; 
-follicles, 158; -tooth, 171 

Egg-masses of caddice-flies, 557 

Eggers, F., 577 

Ejaculatory duct, 162 

Elachertide, 941 

Elachista quadrella, wings of, 622 

Elachistidee, 582, 591, 621 

Elasmine, 942, 948 

Elasmus, 948 

Elaterida, 472, 499 

Eleodes, 513 

Elephantiasis, 810 

Elis (Myzine), 953 

Ellipes, 252; E. minuta, 252 

Elm-gall colopha, cockscomb, 422 

Elm-gall tetraneura, cockscomb, 424 

Elmide, 471, 504 
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Elophila fulicalis, ee 

Elytra, 59, 212, 464. 

Embia major, 340; E. sabulosa, 338; E. 
texana, 339 

Embiidina, 209, 211, 213, 215, 338 

Embolemide, 890, 911, 912, 915, 951 

Embolium, 351 

Emesa brevipennis, 382 

Emory, 955 

Emperor, tawny, 760; gray, 761 

Empidide, 786, 789, 790 

Empoasca fabe, 407 

Empodium, 58, 778 

Empoa ros@, 407 

Enchenopa binotata, 405 

Enchroma gigantea, 465 

Encoptolophus sordidus, 257 

Encyrtine, 941, 942, 946 

Enderlein, G., 338, 813, 823 

Endomychide, 473, 474, 511 

Endo-skeleton, 95 

Endothorax, 97 

Endrosis lacteella, 624. 

Eneopterine, 243, 244 

Engraver-beetles, 542, 543 

Enicocephalide, 356, 358, 383 

Enicocephalus formicina, 383 

Enicos pilus, 927 

Ennomos magnarius, 672 

Ensign-flies, 949 

Entedontide, 941 

Entognatha, 224 

Entomobryide, 229 

Eosentomide, 218 

Eosentomon, 218 

Epargyreus ‘tityrus, 734, 736 

Epermenta pimpinella, 631 

Ephemera, 312; E. simulans, 312; E. 
varia, 178, 311 

Ephemerella, 312 

Ephemerida, 180; ocelli of, 
Pi Ai, Ais, ore: 

Ephemeride, 312 

Ephestia kuhniella, 651 

Ephydra, 859 

Ephydride, 786, 792, 794, 859 

Epiblemide, 639 

Epicerus imbricatus, 538 

Epicauta, 497; E. cinerea, 497; E. 
pennsylvanica, 497; E. vittata, 496 

Epicnaptera americana, 732 

Epicnemium, 887 

Epidermis, 31 

Epicranial suture, 37 

Epicranium, 38 

Eptlachna borealis, 512; E. corrupta, 
512 

Epimartyria auricrinella, 593; E. par- 
della, 593 

Epimerum, 51 

Epinotum, 887 


139, 209, 
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Epipharynx, 46 

Epiphysis, 576 

Epiplemide, 583, 587, 708 

Epipleure, 74 

Epiponine, 966, 973 

Epipyropide, 582, 610 

Epipyrops barbertana, 610; E. anomala, 
610 

Episternum, 51 

Epistoma, 779 

Epithelium, 109, 118; of mid-intestine, 
112 

Epitrix cucumeris, 533 

Epizeuxts lubricalis, 685 

Epochra canadensis, 858 

Epomidiopteron, 953 

Erannis tiliaria, 671, 672 

Erastriine, 689 

Erax apicalis, 841 

Erax, wing of, 841 

Erebine, 685 

Erebus agrippina, 26 

Erebus odora, 685, 686 

Eretmoptera brownt, 802 

Ericerus pe-la, 441 

Eriococcine, 450 

Eriococcus araucaria, 444 

Eriocrantide, 581, 584, 593 

Eriosoma americana, wings of, 414 

Eriosoma lanigera, 421 

Eriosomatine, 420; gall-making, 422 

Eristalus, wing of, 851; E. tenax, 851 

Ermine-moths, 632 

Erotylide, 472, 474, 509 

Eruciform, 184 

Erythroneura comes, 406, 407 

Erythrothrips arizone, fore wing of, 344 

Estigmene acrea, 701, 702 

Ethmia, 625 

Ethmiide, 582, 590, 625 

Euchetias egle, larva, 701 

Eucharine, 942, 944 

Euchloe genutia = Antiochian genutia, 
748 

Euchromiide, 583, 587, 706 

Eucinetide, 472, 505 

Euclea delphinti, 609; scales of, 571 

Eucleide, 582, 586, 608 

Euclemensia bassettella, 634 

Eucnemide, 472, 502 

Eucoiline, 934 

Eucone eyes, 141 

Eucosmide, 639 

Euctheola rugiceps, 520 

Eudewinia herminiata, 711, 712 

Eudule mendica, 669; wings of, 667 

Euglenide, 475, 499 

Eugonia j-album, 756 

Eulta pinatubana, 643 

Eulonchus, wing of, 837 

Eulophine, 941, 942, 947, 948 
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Eumenes, 971; E. fraternus, 971 

Eumenine, 966, 969 

Eunica, 751 

Euparagia, 967 

Euparagiine, 966, 967 

Eupelereria magnicornis, 872 

Eupelmide, 941 

Eupelmine, 946 

Euphoria, 521; E. inda, 521 

Euphorine, 919 

Euphydryas phaeton, 752 

Euplectrus platyhypene, 948 

Euproctis chrysorrhea, 682 

Eupsalis minuta, 536 

Eupterotide, 583, 587, 707 

Euptoteta claudia, 751, 752 

Eurema euterpe, 749; E. nicippe, 749 

Eurosta solidagints, 627, 85 

Eurrhypara urticata, 649 

Eurycyttarus confederata, 614 

Eurygaster alternatus, 393 

re eurytheme, 748; E. philodice, 
48 


Euryophthalmus succinctus, 386; heme- 
lytron of, 385 

Eurypauropide, 20 

Eurypauropus ornatus, 19; E. spinosus, 
19, 20 

Eurystethide, 474, 498 

Eurystethus subopacus, 498 

Eurytoma, 946 

Eurytomids, seed-infesting, 946 

Eurytoming, 942, 945 

Euscelis exitiosus, 406 

Euschemon rafflest@, 733 

Eusternum, 52 

Euthisanotia grata, 693; E. unio, 693 

Euthrips citri, 345; E. fuscus, 345; E. 
pyri, 345; E. tritict, 345 

Euvanessa antiopa, 753, 755 

Evania, 950; E. appendigaster, 950; 
wings of, 950 

Evaniide, 890, 892, 911, 949 

Evanioidea, 890, 949, 950, 978 

Evening primrose moth, 695 

Everes comyntas, 772 

Evergreen nepytia, 671 

Evetria, 640; E. comstockiana, 
E. frustrana, 640 

Evoxysoma vitis, 945 

Exarate pupe, 190 

Exetastes, 923 

Exner, 5., 141, 143 

Exuvie, 171 

Eye-cap, 576 

Eyed brown, 762 

Eyes of insects, two types of, 134; 
with double function, 143 


640; 


Fabre, J. H., 516, 954 
Face, 779 
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Facial depression, 780 

Facialia or facial ridges, 780 

Fairy flies, 948 

Falcicula hebardi, 244 

Fall webworms, 702 

Falx, 877 

Felt, E. P., 814, 815, 816 

Femur, 57 

Fenestra, 274 ; 

Feniseca, 772; F. tarquinius, 422, 772 

Ferris, G. F., 875, 876 

Ferton, Ch., 967 

Fibula, 62; of Corydalus, 63 

Fidia longpipes, 531 

Fielde, Miss A., 955 

Fiery hunter, 479 

Fig-eater, 522 

Fig-insects, 943 

Figitinz, 934 

Filaria bancrofti, 810 

Filariasis, 810 

Filiform, 41 

Fiorinia fioriniea, 455, 456 

Fire-brat, 223 

Firefly Family, 491 

Fish-flies, 286 

Fish-moth, 223 

Fixed hairs, 31, 573 

Flannel-moths, 606 

Flannel-moth, crinkled, 606 

Flat-headed apple-tree borer, 503 

Flat-footed Flies, 848 

Flask-like sense-organ, 131 

Flea-beetles, 532 

Fleas, 877; antennz of, 878; head of, 
878; broken-headed, 881; unbroken- 
headed, 881 

Fletcher, Miss P. B., 997 

Flower-beetles, 520 

Flower-beetle, hermit, 521; rough, 521 

Fluvicola, 504 

Follicular epithelium, functions of the, 


159 

Folsom, J. W., 43, 47, 226 

Fontanel, 274 

Fontanelle, 274 

Footman-moths, 699, 704 

Footman, banded, 705; clothed-in- 
white, 705; painted, 705; pale, 705; 
footman, striped, 704; footman, two- 
colored, 705 

Forbes, S. A., 419, 611 

Forbes, Wm. T. M., 465, 577, 579, 589, 
617, 750 

Ford, Norma, 941 

Fore-intestine, 108, 109 

Forel, 955 

Forester, eight-spotted, 697; Langton’s, 
698 


Foresters, 697 
Forficula auricularia, 463 
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Forked fungus-beetle, 513 [ 

Formica exsectoides, 963; F. sanguinea, 
963, 964; F. fusca, 963 

Formicidae, 108, 891, 893, 9II, 917, 


954 

Formicine, 958, 963 

Fossores, 978 

Four-footed Butterflies, 750 

Fox, W. J., 954, 982, 983, 985, 989 

Fracker, S. B., 579, 625 

Fracticipita, 880, 881 

Franklin, H. J., 1003, 1004 

Frenate, 582, 596; Aculeate, 582; 
Generalized, 582, 597; Non-Aculeate 
Generalized, 582; Specialized, 582 

Frenulum, 61 

Frenulum-conservers, 583; Frenulum- 
losers, 583 

Frenulum hood, 61 

Frenulum-hook, 597 

Friese, H., 989 

Frison, T. H., 996 

Frit-fly, European, 860 

Fritillaries, 751 

Fritillary, great spangled, 751; gulf, 
764; variegated, 751 

Frog-hoppers, 402 

Frons, 877 

Front, 37, 780; so-called, 780 

Frontalia, 780 

Frontal lunule, 775, 780; orbits, 780; 
suture, 776, 780; triangle, 780; vitta, 
780 

Fronto-clypeus, 780 

Froth-glands of spittle insects, 102 

Fruit-tree ugly-nest tortricid, 643 

Fucellia, 864 

Fulgoria candelaria, 409 

Fulgoride, 400, 408, 978 

Fungus-gnats, 810; wings of, 811 

Fungus weevils, 536 

Funicle, 41 

Furce, 98 

Furce maxillares, 332 

Furcula, 228 

Furrows of the wing, 73 


Gage, S. H., 444 

Gahan, J., 88 

Galerita janus, 480 
Galesus, 932, 965 
Galgulide, 368 

Galgulus, 368 

Gall-aphid, vagabond, 424 
Galleria mellonella, 650 
Galleriine, 650 

Gall-flies, 936 

Gall-gnats, 813; wing of, 814 
Gallicole, 434 

Gametes, 809 
Gamogenetic eggs, 416 
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Ganonema americana, 568 

Garden-flea, 229 

Gartered plume, 653 

Gaster, 888, 955 

Gasteruptiide, 892, 908, 917, 930, 965 

Gasteruption incertus, wings of, 930 

Gastric czeca, 112 

Gastrophilidea, 787, 792, 864 

Gastrophilus, 865; G. equi, 865; G. 
hemorrhoidalis, 866; G. intestinalis, 
865; G. nasalis, 866; wing of, 865 

Gaurax, 860 

Gelastocoride, 356, 357, 368 

Gelastocorts oculatus, 368 

Gelechiide, 582, 590, 625 

Gelis, 928 

Genacerores, 447 

Gene, 39, 780, 877; so-called, 780 

Geniculate, 41 

Genital appendages, the development 
of the, 201 

Genital claspers, 76 

Genitalia, 76 

Genovertical plates, 780 

Geometride, 583, 584, 587, 589, 663 

Geometrids, 662; green, 665 

Geometrinz, 663, 670 

Geometroidea, 583, 662 

Geomyzide, 786, 792, 861 

Geophilus flavidus, 21 

Georysside, 474, 505 

Georyssus, 505 

Geotrupes, 517 

Germarium, 158 

Gerride, 356, 357, 370 

Gerris conformis, 371 

Giraud, J., 967 

Glands, 98; connected with setz, 99 

Glandular hairs, 33 

Glenurus, 304 

Glischrochius (Ips) fasciatus, 508 

Glossina morsitans, 194, 873 

Glossosoma americana, Case of, 561 

Glover’s scale, 457 

Glow-worms, 165 

Glutops, 833 

Glycobius speciosus, 527 

Glyphipterygidz, 582, 590, 633 

Glyphipterygine, 633 

Glyphipteryx, 633; G. 
wings of, 633 

Glypta rufiscutellaris, 926 

Glyptocombus saltator, 374 

Glyptometopa, 952 

Gnathochilarium, 16 

Gnophela latipennis, 698, 699 

Gnorimoschema gallesolidaginis, 627 

Goat-weed, butterfly, 761 

Goera calcarata, 569; case of, 569 

Goldenrod-gall, round, 858 

Golden-eyed-flies, 300 


thrasonella, 
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Gomphines, 318 

Gomphus descriptus, wings of, 318; 
wings of naiads of, 317 

Sy eat he 76, 232, 895 

Gonatopus, Ae 

Gonin, J., 19 

Goniodes siglsren 336 

Gontozus, 965 

Goniurus proteus, 736 

Gooseberry fruit worm, 652 

Gortyna immants, 691 

Gossamer- winged butterflies, 768 

Gould, W. R., 955 

Graber, We. 146, 149, 150 

Gracilaria, wings of, 618 

Gracilariide, 582, 589, 591, 617 

Gradual metamorphosis, 175 

Graham, S. A., 466 

Grain-weevils, 540 

Granary-weevil, 541 

Grape-berry moth, 640 

Grape flea-beetle, 533 

Grape-leaf skeletonizer, 605 

Grape leaf-folder, 646 

Grape root-worm, 531 

Grape-seed chalcid, 945 

Grape-vine epimenis, 693 

Grasshopper, lubber, 257; western, 254 

Grasshoppers, cone-headed, 239; leaf- 


rolling, 240; long-horned, 234; 
meadow, 238; shield-backed, 239; 
shorthorned, 252 

GrasstaB 15772 

Grayling, 762; blue-eyed, 762; dull- 


eyed, 763; hybrid, 763; sea-coast, 763 

Greenbottle-fly, 870 

Grimm, O., 192 

Ground-beetles, 478 

Gryllacrine, 235, 240 

Gryllide, 234, 242 

Grylline, 243 

Grylloblaita campodeiformis, 268 

Grylloblattidz, 215, 268 

Gryllotalpa borealis, 251; chirp of, 93; 
G. hexadactyla, 251 

Gryllotalpine, 243, 250 

Gryllus, 83, 248; ventral aspect of the 
meso- and metothorax of, 98; G. 
assimilis, 248; G. assimilis luctuosus, 
248; G. assimilis pennsylvanicus, 248: 
G. domesticus, 248, 249 

Guenther, K., 132 

Guest gall-flies, 936 

Guilbeau, B. H., 102, 403 

Gula, 39 

Gynandromorph, 156 

Gypona, 408 

Gyponine, 407 

Gypsy moth, 682 

Gyretes, 484 

Gyrinide, 470, 484 
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Gyrinus, 484 
Gyropide, 337 


Habrosyne scripta, '709, 710 

Hadenine, 694 

Hadronotus, 933 

Hadwen, we 867 

Hematobia irritans, 873 

Hematopinide, 349 

Hematopinus asini, 349; H. euryster- 
nus, 349; H. suis, 349 

Hematopis grataria, 666, 667 

Hematosiphon inodorus, 378 

Hemorrhagia difinis, 661; H. thysbe, 
661 

Heemozoin, 808 

Hagen, H. A., 113, 171 

Hag-moth, 609 

Hair-streaks, 769 

Hair-streak, banded, 769; olive, 769; 
white-m, 770; purple, 770 

Halictus, 986, OOSsemestrol, O95 er7. 
humeralis, 996 

Haliplide, 470, 481 

Haliplus, 481, 482 

Halysidota, sp., wings of, 699 

Halobates, 372; H. micans, 
Sericeus, 372 

Haloptiliide, 620 

Halteres, 59 

Flaltica chalybea, 533 

Halysidota carye, 704; larva, 703 

Hamamelistes spinosus, 426, 427 

Ham-beetle, red-legged, 493 

Hamiulcara, 603 


Bye Jel, 


Hammar, A. G., 125, 126 
Hamuli, 61, 885 
Inlgvarcllbtstela, ING PYeey, 25%), Alot Brey 
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Handmaid moths, 675 

HManseneell.s |e 23 e244 3 

Hapithus agitator, 245 

Haploa, 700; H. contigua, 700 

Haploptilia, 620 

Harlequin milk-weed caterpillar, 701 

Harmolita, 945; H. grandis, 945; H. 
tritici, 945 

Harpalus caliginosus, 480; head of, 
468; labium of, 45, 52; prothorax of, 
468 

Harrisina americana, 605 

Hartman, C. G., 970 

Harvestmen, 9 

Hatching of young insects, 171 

Hatching spines, 171 

Hautsinnesorgane, 130 

Hawk-moth, bumblebee, 661 

Hawk-moths, 655; larva of a, 577 

Head, 36 

Headlee, T. J., 823 

Head measurements of larve, 173 
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Hearing, organs of, 145 

Heart, 121 

Hebride, 356, 358, 359, 372 

Hebrus, 373 

Hecaboline, 920 

Heel-fly, 868 

Hegner, R. W., 816, 817 

Helichus lithophilus, 504 

Heliconiine, 750, 764 

Heliconius charitonius, 764 

Helicopsyche borealis, 569 

Heliocharis, base of wing of, 322 

Heliodinide, 582, 591, 634 

Heliothis obsoleta, 695 

Heliothrips fasciatus, 345; H. hemor- 
rhoidalis, 345 

Heliozelide, 582, 591, 622 

Helix, 1000 

Hellula undalis, 648 

Helodide, 472, 505 

Helomyzide, 786, 790, 854 

Heloride, 890, 909, 931 

Helorus paradoxus, 931% 

Hemelytra, 59, 350 

Hemerobiide, 284, 294 

Hemerobius, 301; larva of, 297; H. 
humuli, wings of, 295 

Hemerocam pa, 679, 680; H. leucostigma, 
680; H. plagiata, 681; H. vetusta, 681 

Hemileuca mata, 720; H. olivie, 721 

Hemimeride, 269, 463 

Hemimerus bouvieri, 463; H. talpoides, 
INOBIB Jail. deceptus, 463; H. vicinus, 
463; H. advectus, 463; H. vosseleri, 
AOS ws SESSOT AOS Meld hanseni, 
269, 463 

Hemimetabola, 179 

Hemimetabolous, development, 178 

Hemiptera, 212, 213, 214, 215, 216, 350 

Hemispherical scale, 453 

Hemztteles, 928 

Hemitelini, 928 

Hemitheinze, 663, 665 

Hendel, Fr., 794, 856, 862 

Hentcocephalus, culicis, 384 

Henneguy, L., 117, 124 

gieoges epixanthe, 770; H. heteronea, 770; 

H. hypophieas, 771; H. thoe, 771; 

wings of, 768 

Hepialid, wings of a, 62 

Hepialide, 581, 584, 594, 595 

Hepialus, 595 

Herminine, 685 

Herrick, G. W., 379 

Hesperia, 737; H. tessellata, 737 

Hesperiidae, 583, 734 

Hesperiine, 735 

Hesperioidea, 589, 732 

Hesperoctenes longiceps, 379 

Hesperophylum heidemanni, 377 

THesse; Re i303 7039 
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Hess, W. N., 146, 147, 148 

Hessian-fly, 818 

Heterina, 324; base of wing of, 323 

Heterocampa bilineata, 676; larva, 676; 
H. guttivitta, 677; H. varia, 677 

Heterocera, 581 

Heteroceride, 474, 505 

FHeterocerus, 505 

Heterocordylus malinus, 376 

Heterogamy, 177, 415 

Heteropezine, 815, 816 

Heteroptera, 209, 350 

Hewitt, C. G., 202 

Heymons, R., 174, 354, 398, 399 

Hexagenia, 312 

Hexapoda, 26 

Hexapoda, sub-classes and orders of, 
211; table of orders, 212 

Hickory-borer, painted, 528 

Hickory horned devil, 717 

Hicks, B., 155 

Verbal, (Oe (Cap, telskoy 

Hilton, W. A., 128, 129, 132, 133 

Hind-intestine, 108, 112 

Hinds, W. E., 341, 342 

Hine, J. S., 554, 830 

Hippiscus apiculatus, 258, 259 

Hippoboscide, 108, 787, 790, 874 

Hispopria foveicollis, 88 

Histeride, 470, 490 

Histoblast, 195, 205 

Histogenesis, 204 

Histolysis, 204 

Hochreuter, R., 155 

nloeckas Paes Cesar 

Hofer 3. 127; 

Hog-caterpillar of the vine, 659 

Holcocera, wings of, 629 

Holland, W. J., 739 

Holmgren, E., 99, 280 

Holometabola, 180 

Holometabolous development, 180 

Holorusia rubtginosa, 197 

Holosphyrum boreale, 250 

Homaledra sabalella, 629, 630 

Homochronous heredity, 181 

Homologizing of the sclerites, 35 

Homoptera, 209, 211, 212, 215, 394 

Honey, 1007 

Honey- bee, 158, 992, 1005; African, 876 

Honey- bees, stingless, 992 

Honey-pot, 1003 

Hood, J. D., 965 

Hooded owlets, 694 

Hook-tip moths, 711 

Hoplismenus, 929 

Hoplopsyllus anomalus, 882 

Hop-merchant, 756 

Hop-plant borer, 691 

Hop-vine deltoid, 685 

Hormaphidine, 424 
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Hormaphis hamamelidis, 425 

Hormiinz, 920 

Hornet, giant, 977; white-faced, 977 

Hornets, 975 

Hornia, 997 

Horn-fly, 873 

Horn-tails, 890, 894, 898 

Horse-flies, 829 

Horse-guard, 988 

Horseshoe-crabs, 8 

House-fly, 872; larva of the, 202 

Howard, L. O., 807, 872, 965 

Huber, P., 955 

Hubner, J., 620 

Hubner’s Tentamen, 581 

Human flea, 882 

Humeral, angle, 60; callus, 783; cross- 
vein, 71; suture, 274; veins, 74 

Hump-backed Flies, 847 

Hungerford, H. B., 361, 364, 365 

Hutchison, R. H., 873 

Huxley; T. H., 40 

Hyblea puera, 655 

Hybleide, 583, 586, 655 

Hybrid purple, 758 

Hydrometra, 373; H. australis, 373; H. 
martini, 373; H. wiley, 373 

Hydrometride, 356, 357, 373 

Hydrophilide, 471, 473, 485 

Hydrophilus, 486; egg sac of, 170; em- 
bryo of, 76; maxilla of, 44; H. 
obtusatus, 486 

Hydrophylax aquivolans, 949 

Hydropsyche, 562; net of, 562 

Hydropsychide, 560, 562 

Hydroptilide, 559, 560, 561 

Hydrous, 486; H. triangularis, 486 

Hyleide, 890 

Hyleus, 890 

Hylastinus obscurus, 542 

Hylemyia antiqua, 864; H. brassice, 
863; H. rubivora, 864 

Hymenopharsalia, 908 

Hymenoptera, 108, 210, 211, 213, 214, 
884 

Hymenopterous wing, typical, 885 

Hypatus bachmannt, 766, 767 

Hypenine, 685 

Hypena humult, 685 

Hypereschra stragula, wings of, 674 

Hypermallus villosus, 528 

Hypermetamorphosis, 191 

Hyphantria cunea, 702; H. textor, 702 

Hypocera incrassata, 848 

Hypoderma bovis, 867; H. lineatum, 
867, 868 

Hypodermal structures, 95; glands, 98 

Hypodermis, 29 

Hyponomeutide, 631 

Hypopharynx, 47, 400 

Hypopleura, 783 
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Ba eb kee fucosa, 705; H. miniata, 


Hypoptine, 603 

Hypopygium, 75 

Hyporhagus, 514 

Hyposoter fugitivus, 927 

Hypothetical tracheation of a wing of 
the primitive nymph, 63 

Hypothetical type of the primitive 
wing-venation, 62 

Hypsopygia costalis, 649 

Hyptia, 950 

Hyslop, J. A., 501 


Tbaliinze, 934 

Icerya, 449; I. purchasi, 449, 512 

Ichneumon-flies, 922 

Ichneumonide, 890, 892, 894, 908, 915, 
917, 922 

Ichneumonine, 923, 924, 928 

Ichneumonoidea, 917 

Ichneutinz, 920 

Ichneumon ultimus, 929; I. mendax, 929 

Lllice unifasciata, 705 

Imaginal disc, 195, 205 

Imago, 191 

Imperforate intestines, 108 

Imperial-moth, 717 

Incisalia niphon, 770, 753 

Incisurae, 447 

Incomplete metamorphosis, 178 

Incurvariide, 582, 589, 590, 598 

Incurvariine, 598 

Indian-meal moth, 651 

Inner margin of wing, 60 

Inocellia, 289 

Inostemmine, 933 

Inquilines, 936, 952 

Insects, 26 

Instars, 172 

Integricipita, 880, 881 

Intercalary veins, 69 

Interfrontalia, 780 

Intermediate organ, 152 

Internal anatomy, 94 

Internal organs, the transformations of 
the, 204 

Internal skeleton, 95; sources of the, 95 

Intersegmental plates, 40 

Intima, 109, 117 

Invaginations of the body-wall, 95 

Jo-moth, 722 

Iphiclides marcellus, '743 

Iridomyrmex humilis, 962 

Isabella tiger-moth, 702 

Ischnocera, 337 

Ischnopsyllide, 881 

Ischnopsyllus, 878 

Isia tsabella, 702 

Isley, D., 970 

Isogenus sp., wings of, 329 
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Isometopide, 356, 359, 374 
Isometopus pulchellus, 375 
Isoptera, 209, 211, 213 
Isorhipis ruficornis, 931% 
Isosoma, 940 

Ithobalus, 741 

Ithycerus noveboracensis, 537 
Ithytrichia confusa, 562 
Itonidide, 813 

Itoplectis conquisitor, 925 


Jalysus perclavatus, 388; J. spinosus, 
388 


Jamety Gro 7 

Janus integer, 9O1 

Japanese beetle, 519; Laboratory, 520 

Japygide, 224 

Japyx, 161, 220, 224; J. solifugus, 220; 
ovary of, 222, 461 

Jigger, 883 

Johannsen, Oskar A., 803, 807, 811, 


823 

Johnston, Christopher, 152 

Johnston’s organ, 152 

Joint-worms, grass and grain, 945; 
wheat, 945 

Jones, PB: Rey 342 

Judeich and Nitsche, 116 

Jugate, 581, 584, 592 

Jugates, haustellate, 593; mandibulate, 
5 


92 
Jug-builders, 971 
Jugular sclerites, 40 
Jugum, 61; of a hepialid, 63 
Julia butterfly, 764 
Julus, 16 
June-beetle, green, 522 
June-bug, 515, 518, 522 
Juniper web-worm, 643 


Karschomyia viburnt, 814 

Katepimerum, 51 

Katepisternum, 51 

Katydid, chirp of the, 93; angular 
winged, 237; northern bush-, 237; 
round-winged, 237; Uhler’s, 237; 
the false, 236 

Kellicott, D. S., 692 

Kellogg, Vernon L., 100, 197, 199, 200, 
336, 573, 828 

Kelp-flies, 864 

Kenyon, F. C., 18, 19 

Kermes, 454, 455, 634; K. ilicis, 441 

Kermesiinae, 454 

Kieffer, J. J., 815, 817, 931, 932, 934, 
950, 965, 979 

King-crabs, 8 

Kanseyar Aw C2980) 

Kirby and Spence, 97 

Kirkaldy, G. W., 362 

Knab, F., 807 
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Korschelt and Heider, 203 
Kowalevsky, A., 202 
Krecker, F. H., 443 


Labena, 930 

Labenini, 923 

Labia minor, 460, 462 

Labial palpi, 46 

Labidomera clivicollis, 531 

Labium or second maxillae, 45 

Labrum, 38, 43 

Lac-dye, 441 

Lace-bud, hawthorn, 384 

Lace-cocoon, suspended, 632 

Lace-like cocoon, 188 

Lacewing-flies, 299 

Lacinia, 45 

Lac-insect, 440 

Lacosoma arizonicum, 713; L. chiridota, 
714 

Lacosomide, 583, 585, 587, 712 

Lady-bugs, 511, 512; bean, 512; nine- 
spotted, 512 

Lelius trogodermatis, 965 

Lertias philenor, larva, 741 

Letilia coccidivora, 652 

Lagoa crispata, 606, 607 

Lagriide, 474, 514 

Lake-flies, 312 

Lamellate, 41 

Lamellicorn beetles, 515; leaf-chafers, 
518; scavengers, 516 

Lamellicornia, 468, 469; the families of 
the, 475 

Lamiine, 528 

Lampronota, 923 

Lampyride, 473, 491 

Landois, H., 91 

Languria, 510; L. mozardt, 510 

Lantern-fly of Brazil, great, 408 

Lapara bombycoides, 658 

Lappet-caterpillars, 729, 731; ameri- 
can, 732; larch, 731; velleda, 731 

Larder-beetle, 506 

Larentiinz, 663, 666 

Large-intestine, 113 

Larrine, 981 

Larrini, 980, 981 

Larve, adaptive characteristics of, 181; 
the different types of, 183; the term 
defined, 180 

Lastoderma serricorne, 515 

Lasiocampide, 583, 589, 728 

Lasius, 451, 964; L. americanus, 419; 
L. niger americanus, 964 

Laspeyresia interstinctana, 641 

Lateral conjunctive, 35 

Laternaria phosphorea, 408 

Lathridiide, 473, 511 

Latzel, R., 19, 21, 23, 24 

Larentiinz, 663, 666 
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Leach, W. E., 174, 

Leaf-beetles, rane sa 

Leaf-beetles, long-horned, 530 

Leaf-chafers, shining, 519 

Leaf-hoppers, 406; apple, 407; de- 
structive, 406; grape-vine, 406 

Leaf-insects, 260 

Leaf-miner, ‘morning-glory, 616 

Leather-jackets, 709 

Lebia grandis, 480 

Lecaniine, 451 

Lecanium, 445; L. hesperidum, 451, 452 

Legionary or Visiting ants, 958 

Legs, 56; the development of, 197 

Leiby, R. W., 889 

Leidy, 955 

Lema trilineata, 530 

Leng, C. W., 467 

Lentigen layer, 138 

Leon, N., 354 

Leopard-moth, 603 

Lepidoptera, 213, 214, 215, 216, 571; 
frenate, 582; metamorphosis of, 577 

Lepidosaphes, 445; L. glovertt, 457; L. 
pinneformis, 456, 457; L. ulmi, 457 

Lepisma saccharina, 48, 78, 223 

Lepismatide, 223 

Leptide, 834 

Leptinide, 470, 487 

Leptinillus aplodontie, 487; L. validus, 

87 

Leptinotarsa decemlineata, 531 

Leptinus testaceus, 487 

Leptoceridz, 559, 560, 566 

Leptocerus ancylus, 566; case of, 566 

Leptocoris trivittatus, hemelytron of, 
389 

Leptofenide, 941 

Leptophlebia, 312 

Leptopsyllide, 881 

Leptothorax emersoni, 961 

Leptysma marginicollis, 257 

Lepyronia quadrangularis, 403 

Leria, wing of, 855 

Lestes rectangularis, wing of, 321, 322 

Lestremia, wing of, 816 

Lestremiine, 813, 815, 816 

Lethocerus, 366; L. americanus, 366; 
head of, 352; last segment of beak of, 
354 

Leucocytes, 122 

Leucopis, 862 

Leucospidine, 942, 947 

Leucospis affints, 947 

Libellula luctuosa, 316 

Libellulide, 318, 321 

Libytheine, 750, 766. 

Lice, true, 347; jumping plant-, 410 

Liénard, V., 125 

Ligament of the ovary, 159; of the 
testes, 162 
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Light-organs, 164 

Limacodide, 608 

Lime-tree winter- moth, 671, 672 

Limnobates, 373 

Limnophilidz, 559, 560, 568 

erie combinatus, 568; case of, 

Limnoporus, 371; L. rufoscutillatus, 371 

Limulus polyphemus, 8 

Lincecum, 955 

Lingula, 438 

Lingua, 47 

Linguatula, 14 

Linguatulids, 14 

Linneus, 206, 252 

Linognathus piliferus, 349; L. vituli, 349 

Liotheidz, 337 

Liparide, 679 

Lipoptena depressa, 875 

Lispa, wing of, 863 

Lissonota, 923 

Lithocolletis, 618 

Lithosiine, 586, 704 

Lloyd, J. T., 559, 564, 567, 570, 649 

Lloydia, 923 

Locust borer, 527 

Locust, Boll’s, 258; Carolina, 258; 
clouded, 257; coral-winged, 258; red- 
legged, 256; Rocky Mountain, 254; 
seventeen-year, 402 

Locusta viridissima, 128 

Locustidz, 234, 252 

Locustine, 253, 254 

Locusts, 252; band-winged, 257; north- 
ern green-striped, 257; pigmy, 259; 
slant-faced, 259; spur-throated, 254 

Lomamyia, 298 

Lonchea, 856; L. polita, 856 

Loncheide, 786, 791, 856 

Lonchoptera, 846; wing of, 846 

Lonchopteride, 786, 789, 846 

Long-beaks, 766 

Long- horned beetles, 524 

Longistigma carye, 418 

Longitudinal veins, 64 

Long-legged flies, 843 

Louse, body-, 348; crab-, 349; dog-, 
349; head-, 348; hog-, 349; horse-, 
349; long-nosed ox-, 349; short’ 
nosed ox-, 349 

Louse-flies, 874 

Loxostege similalis, 648 

Lubbock, J., 18, 48, 106, 955 

Lucanide, 475, 523 

Lucanus dama, 523 

Lucanus elaphus, 523 

Lucilia cesar, 870 

Luna-moth, 723 

Lycena argtolus, 753, 771 

Lycenide, 584, 739, 768 

Lycide, 491 
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Lycomorpha pholus, 707 
Lycorini, 923 

Lyctide, 471, 515 

Lygeide, 357, 359, 386 

Lygidea mendax, 377 

Lygris diversilineata, 668, 669 
Lygus pratensis, 376 
Lymantriide, 583, 584, 588, 679 
Lymexylide, 473, 493 
Lymexylon navale, 493 
Lymnecia phragmitella, 629 
Lynchia, wing of, 874; L. americana, 


Lyonet, P., 104, 105, 106 
Lyonetiide, 582, 589, 591, 616 
Lyreman, 401 

Lyroda subita, 982 
Lysiognatha, 922 


McAtee, W. L., 241 

McClendon, J. F., 300 

McCook, H. C., 955 

MacGillivray, A. D., 446, 458, 886 

Machilidz, 222 

Machilis, 220; mandibles of, 220; 
ovary of, 222; M. alternata, 174; M. 
ommatidium of, 139; leg of, 57; 
ventral aspect of, 77; trachez of, 
116, 117 

MclIndoo, N. E., 155 

Macrobasis, 497; M. unicolor, 497 

Macrocentrinae, 922 

Macrocentrus, 919; Macrocentrus ancy- 
livorus, 922; M. gifuensis, 922 

Macrocephalus, 383 

Macrochetz, 779 

Macrodactylus subspinosus, 519 

Macrofrenate, Specialized, 583, 655 

Macrojugate, 594 

Macrorileva, 945 

Macrovelia harrisit, 370 

Macroxyela, 886; wings of, 896 

Macroxyela distincta, 896 

Maia-moth, 720 

Malacosoma americana, 729, 730; M. 
californica, 731; M. constricta, 731; 
M. disstria, 730; M. fragilis, 731; M. 
pluvialis, 731 

Malar space, 887 

Malarial Infection, 808 

Malloch, J. R., 823, 824, 848, 953 

Mallophaga, 211, 214, 335 

Malpighian vessels, 113; as 
glands, 113 

Mammal-nest beetles, 487 

Mandibles, 43 

Mandibular sclerites, 353, 398 

Manidiide, 583, 587, 673 

Mansonia, 810; M. perturbans, 810 

Mantide, 234, 262 

Mantis religiosa, 263 


silk- 
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Mantispa, 290; hypermetamorphosis of, 
290; M. styrtaca, 290 

Mantispide, 289 

Mantoidea, 262 

Manubrium, 228 

Many-plume moths, 653 

Maple-borer, beautiful, 527 

Maple-leaf cutter, 598 

Marchal, P., 431, 815 

March-flies, 820 

Marey, 81 

Marginal accessory veins, 69 

Marginal cells, 886 

Margins of wings, 59, 60 

Marlatt, C. L., 398 

Masarine, 966, 967, 989, 993 

Mass provisioning, 979 

Matheson, R., 481, 505 

Maxille, 43; cross-section of, 576 

Maxillary, palpus, 44; pleurites, 40; 
sclerites, 353, 398; tentacle, 599 

Maxillule, 16, 43 

May-beetle, heart of a, 121; leg of a, 106 

May-beetles, 515, 518 

Mayer, A. G., 572 

Mayer, A. M., 154 

May-flies, 308, 312 

May-fly, metamorphosis of, 311; wings 
of a, 70 

Meadow-browns, 761 

Meadow-maggots, 799 

Meal snout-mouth, 649 

Meal-worm, 513 

Mealy-bugs, 448, 450 

Measuring-worms, 662 

Mechanical sense-organs, 130 

Mecoptera, 210, 211, 213, 214, 215, 550 

Media, 64 

Medial cross-vein, 71 

Median, caudal filament, 78; furrow, 
74; line, 575; plates, 55; segment, 49, 
908; sutures, 35 

Medio-cubital cross-vein, 71 

Mediterranean flour-moth, 651 

Meek, W. J., 398, 399 

Megachile, 947, 999; M. latimanus, 
nest of, 999 

Megachilide, 891, 893, 914, 990, 

Megalodachne, 509; M. ae eee ia 
fasciata, 510 

Megalomus mestus, wings of, 296 

Megaloptera, 284 

Megalopyge opercularis, 607; cocoon of, 
189 

Megalopygide, 582, 585, 606 

Megamelus notula, antenna of, 409 

Megaphasma dentricus, 262 

Megaprosopide, 787, 793, 869 

Megaprosopus, 869 

Megarhyssa lunator, 925; M. atrata, 
925; M. norton, 925; M. greenei, 925 
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Megaspiline, 909, 933 
Megastigmus, 943 


Megathymide, 583, 733 


Megathymus, 733; M. streckeri, 733, 
734; M. 5 are 734 

Meigen, J. A., 794, 813 

Meinert, 347. 

Melalopha, 678; M. inclusa, 678 

Melander, A. L., 339, 340, 845, 856, 


861, 862 

Melandryide, 474, 475, 514 

Melanin granules, 808 

Melanoplus, 160; ental surface of the 
pleurites of the meso- and meta- 
or of, 96; head of, 97; tentorium 
of, 9 

Melanoplus bivittatus, 255, 256; M. 
differentialis, 256; M. Ffemur-rubrum, 
254, 256; M. spretus, 254 

Melissodes, 990 

Melittia satyriniformis, 637 

Mellinus, 980 

Mellitobia, 948 

Meloe, 497; M. angusticollis, 498 

Meloide, 109, 475, 495 

Melolontha vulgaris, larva of, 185 

Melon-worm, 647 

Melophagus ovinus, 194, 874 

Melsheimer’s sac-bearer, 713 

Melyride, 473, 493 

Membracidez, 400, 404, 978 

Membrane, 350 

Mentum, 46 

Mercer, W. F., 196 

Merian, Maria Sibylla, 408 

Merope, 550, 551, 553; M. tuber, 553 

Merozoits, 809 

Merragata, 373 

Mesenteron, 108, III 

Mesochorini, 924, 927 

Mesochorus, 927 

Mesogenacerores, 447 

Mesoleiini, 926 

Mesoleptideini, 926 

Mesonotum, 50 

Mesophragma, 97 

Mesopleura, 783 

Mesothorax, 48 

Mesovelia douglasensis, 372; M. mul- 

santt, 372 

Mesoveliide, 356, 358, 372 

Mestra, 751 

Metacelus, 926 

Metallic wood-borers, 502 

Metal-mark, large, 767; small, 767 

Metameres, 34 

Metamorphosis of insects, 166 

Metanotum, 50 

Metaphragma, 97 

Metapleura, 783 

Metapneustic, 115 
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Metathorax, 48 

Meteorus, 919 

Methoca stygia, 953 

Methocine, 913, 916, 953 

Metopiini, 926 

Metopius, 926 

Metrobates, 371; M. hesperius, 371 

Miastor americana, 816 

Microbembex monodonta, 988 

Microbracon, 919 

Microcentrum, 237; M. retinerve, 237; 
M. rhombifolium, 236, 237 

Microdon, 851 

Microfrenate, Specialized, 582, 610; 
families of, ’589 

Microgaster, 921 

Microgasterine, 921 

Microlepidoptera, 610 

Microplitis, 921 

Micromalthide, 473, 494 

Micromalthus debilis, 494 

Micromus, 297 

Micropezide, 786, 791, 858 

Microphthalma, 869; M. 

869 

Micropterygide, 575, 581, 584, 592° 

Microvelia, 370 i 

Micropteryx, wings of, 593 

Micropyle, 167 

Midges, 802 

Mid-intestine, 108, I11 

Migrants, 435 

Milichiidee, 786, 792, 862 

Milk-glands, 875 

Milkweed-beetles, red, 529 

Milkweed Butterflies, 765 

Milkweed butterfly, reproductive or- 

gans of the, 160; transformations of 

the, 187 

Millers, 580 

Millipedes, 15 

Milne-Edwards, 47 

Mindarine, 419 

Mindarus, 419; M. abietinus, 420 

Mineola vaccinii, 652 

Miride, 356, 358, 359, 375 

Mischocyttarus, 974; M. cubensis, 974; 
M. flavitarisis, 974; M. labiatus, 
wings of, 973 

Miscogasterine, 941, 942, 947 

Miscophus, 982 

Misgomyta, 833 

Mites, 9 

Mitoura damon, 753, 769 

Mnemonica auricyanea, 594; M. wings 
of, 594 

Mocha-stone moths, 678 

Mocsary, A., 952 

Mogoplistinae, 243, 250 

Molanna angustata, 558 

Molanna, case of, 566 


CIEE, 


1050 


Molannide, 559, 560, 566 

Molting fluid, 172; glands, 99 

Molting of Insects, 171 

Mompha elotsella, 630 

Monarch, the, 765 

Monarthrum mali, Gallery of, 544 

Moniliform, 41 

Monobia quadridens, 971, 972, 998 

Monochamus notatus, 528 

Monodontomerus, 943 

Monommide, 474, 514 

Monothalamous, 935 

Mononyx, 368; M. fuscipes, 368 

Monophlebine, 449 

Monotomide, 473, 509 

Mordellide, 475, 494 

Mordwilkoja vagabunda, 424 

Morgan, Miss A. H., 70, 311 

Morgan, T. H., 426 

Morrill, A. W., 438 

Morris, H. M., 848 

Mosaic vision, theory of, 141, 142 

Mosher, Miss Edna, 580 

Mosquitoes, 804; antennae of, 153 

Moth, pupa of a, 580 

Moth-like Flies, 801 

Moth-like fly, wing of, 80 

Moths, 571 

Mourning-cloak, 755 

Mouth-parts, 42; the development of, 
200 

Mucrones, 228 

Mud-daubers, 984 

Mufflehead, 691 

Muggenburg, F. H., 876 

Muir and Kershaw, 398 

Muller, Fritz, 181 

Muller, J., 141 

Muller’s organ, 149 

Murgantia histrionica, 391 

Murmidiide, 474, 511 

Musca domestica, 872 

Muscide, 787, 793, 872; development 
of the head in the, 202 

Muscids, 852; typical, 872 

Muscles, 104 

Muscoidea, 787 

Museum pests, 507 

Music of flight, 80 

Musical notation of the songs of in- 
sects, 92 

Musical organs of insects, 78 

Mutillide, 891, 894, 909, 913, 915, 916, 
950, 953, 954 

Muttkowski, R. A., 320, 323 

Mycetzide, 474, 511 

Mycetobia, 798 

Mycetophagide, 472, 474, 510 

Mycetophilide, 785, 788, 793, 810, 813 

Mydaide, 786, 788, 842 

Myvdas, wing of, 842 
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Myiasis in man, 871 

Myiomma cixtiformis, 375 

Mylabridz, 475, 535 

Mylabris ebtectus, 535; M. pisorum, 535 

Mymarine, 941, 948, 949 

Myodaria, 786, 852 

Myriapoda, 15 

Myrientomata, 24 

Myrmecia, wings of, 74 

Myrmecocystus, 964, 965 

Myrmecomorphus, 915 

Myrmecophila pergandet, 249 

Myrmecophiline, 243, 249 

Myrmeleon immaculatus, 
meleon, wings of, 304 

Myrmeleonide, 284, 303 

Myrmica brevinodis, 961; stridulating 
organ of, 87 

Myrmicine, 958, 960 

Myrmosa, 953; M. unticolor, 953 

Myrmosine, 913, 916, 953 

Myrmosula, 953 

Mystacides sepulchralis, 567; case of, 566 

Mytilaspis citricola, 456; M. pomorum, 

457 


304; Myr- 


Nabide, 356, 358, 380 

Nabis, 380; N. ferus, 380; N. subco- 
leoptratus, 380 

Nagana, 873 

Naiad, the term defined, 179 

Nassonow, N., 549 

Nasuti, 277 

Nathalis tole, 749 

Naucoride, 356, 357, 367 

Naupliiform, 185 

Necrobia rufipes, 493 

Necrophorus, 487 

Needham, J. Gay 112,178) 312) 313, 

317, 807 

Needham and Lloyd, 561 

Neelida, 229 

Neelus, 229 

Neides muticus, 388 

Neidide, 357, 359, 388 

Nemestrinide, 786, 789, 836 

Nemobius, 84, 242, 248, 982; N. fas- 

ciatus, 249; N. palustris, 249 

Nemocera, 785, 795; N. Anomalous, 

785, 820; N. the true, 785, 795 

Nemognatha, 498 

Nemoura sp., wings of, 329 

Nemouride, 330 

Neoconocephalus, 239; N. ensiger, 239 

Neohermes, 288; N. californicus, 288 

Neoneurine, 920 

Neophylax, 569 

Neoscleroderma tarsalis, 965 

Neoteinia, 194 

Neoxabea, 245; N. bipunctata, 245 

Neoxyela alberta, 896 
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Nepa apiculata, 364, 365 

Nepide, 356, 357, 364 

Nepticulidz, 582, 589, 600 

Nepytia semiclusaria, 671 

Nerthra, 368; N. stygiea, 368 

Nerves, 123 

Nervous system, 123 

Nestling birds, parasites of, 870 

Netelia, 923 

Net-winged midges, 824 

Neuronia, 565; lateral aspect of the 
mesothorax, 57; N. postica, 565 

Neuropore, 130 

Neuroptera, 207, 209, 211, 213, 215, 
281; N. mantis-like, 289; N. mealy- 
winged, 307 

Neurotoma inconspicua, 897 

Newcomer, E. J., 326 

Newport, G., 106 

New York weevil, 537 

Nidi, 112 

Niggers, 511 

Night-eyes, 143 

Nigronia, 288; N. fasciatus, 288; N. 
serricornis, 288 

Nininger, H. H., 996 

Nitidulide, 470, 472, 473, 508 

Noctuid moth, Diagram of a fore wing 
of a, 575 

Noctuide, 583, 586, 588, 683 

Noctuids, 583, 683 

Nodal furrow, 74 

Nolinz, 705 

Nomia pattent, 954 

Nomophila noctuella, wings of, 645 

Nosodendride, 471, 508 

Nosodendron, 508 

Notauli, 887 

Notched-wing geometer, 672 

Notiothawma, 551 

Notodontide, 583, 587, 674 

Notolophus, 679, 680; N. antiqua, 681 

Notonecta, 363 

Notonecta undulata, 362 

Notonectide, 356, 357, 362 

Notopleura, 782 

Notopleural suture, 782 

Notostigma, 22 

Notoxus, 498 

Notum, 49 

Noyes, Miss Alice A., 563, 564 

Nurse-bees, 1006 

Nurse-cells, 158 

Nycteribiide, 787, 794, 875 

Nymph, the term defined, 176 

Nymphalide, 584, 739, 750 

Nymphaline, 750 

Nymphon hispidum, 11 

Nymphs, 750 

Nymphuline, 648 

Nyssonini, 980, 986 
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Oak-apples, 937; large, 937; large 
empty, 938; smaller empty, 938 

Oak-bullet gall, 938 

Oak-coccid blastobasid, 629 

Oak-gall, giant, 938 

Oak hedgehog gall, 936 

Oak-leaf miner, white-blotch, 618 

Oak-pruner, 528 

Oak-slug, spiny, 609 

Oak ugly-nest tortricid, 643 

Oak-worm, orange-striped, 718; rosy- 
striped, 718; spiny, 718 

Oberea bimaculata, 529 

Oblique vein, 319 

Obrussa ochrefasciella, Wings of, 574, 
601 

Obtected pupa, I91 

Occiput, 39, 780, 877 

Ocellar triangle, 780; plate, 780 

Ocelli, 134, 135 

Ochteridz, 356, 357, 368 

Ochterus, 368; O. americanus, 369 

Ochthiphilide, 786, 791, 862 

Ocular sclerites, 39 

Odonata, 180, 212, 213, 314 

Odontaulacus, 929 

Odontoceridz, 560 567 

Odontomachus, 959 

Odontomerini, 923 

Odontomerus, 923 

Odontomyia, puparium of, 831 

Odynerus, 970, 971; O. geminus, 970; 
O. tropicalis, 970; O. birenimaculatus, 
971 

(Ecanthine, 243 

CEcanthus, 84, 85, 86, 242, 245; table of 
species, 246; C2. argentinus, 246; Cz. 
californicus, 246; CE. nigricornts, 
247; CE. niveus, 93 

CEctacus vicarius, 378 

(Ecophoride, 582, 590, 624 

(Edemeride, 474, 494 

(Edipodine, 253, 257 

Ginets katahdin, 764; CE. semidea, 763 

(Enochromine, 663, 664 

(Enocytes, 163 

(Esophageal, sympathetic nervous sys- 
tem, 125, 127; valve, 111 

(Esophagus, 110 

stride, 787, 792, 866 

Estrus ovis, 867 

Ohr-Wurm, 460 

Otketicus abbott, 613 

Oinophilide, 582, 589, 617 

Olene, 680 

Olethreutide, 582, 590, 639 

Olfactory pores, 13I, 154; pore of 
MclIndoo, 155 

Oligotoma saunderst, fore wing of, 339 

Ommatidium, 135; structure of, 139 

Omophronide, 470, 481 


1052 


Omus, 478 

Oncometopia, 407; O. undata, 407 

Onion maggot, 864 

Oniscoida, 7 

Ontholestes, cingulatus, 489 

Onychii, 58 

Onychophora, 4 

Oocyst, 809 

Ookinete, migratory, 809 

Ootheca, 170; of a cockroach, 264 

Operculum, 438 

Ophion, 927 

Ophionine, 924, 927 

Opostega, 617 

Opostegide, 582, 589, 617 

Opthalmochlus duryt, 547 

Oral hooks, 201 

Orange-tips, The, 747; falcate, 748; 
olympia, 748 

Orasema viridis, 941 

Orbicular or round spot, 575 

Orbits, 780 

Orchelimum, 238; O. vulgare, 238 

Orchesella, 229 

Oreta rosea, wings of, 712 

Organs of sight, 130 

Ormenis, 410; O. septentrionalis, 410 

Ormyrine, 942, 943 

Ormyrus, 943 

Orneodes hexadactyla, 653; O. hubnert, 
653 

Orneodide, 583, 584, 653 

Orocharts saltator, 245, 965 

Orphnephilide, 828 

Ortalide, 786, 791, 856 

Orthezia, 102, 448, 450 

Ortheziinz, 450 

Orthoptera, 212, 214, 215, 230 

Orthopteroid insects of uncertain kin- 
ship, 267 

Orthorrhapha, 785, 794; short-horned, 
828 


Oryssidz, 891, 905, 907 

Oryssus, 894, 906; ovipositor of, 906; 
O. abietinus, wing of, 906; O. occiden- 
talis, 907; O. sayz, 905 

Osborn, H., 337, 349 

Oscinidee, 860 

Oscinis frit, 860 

Osmeteria, 101 

Osmia, 993, 1000 

Osmoderma eremicola, 521; O. scabra, 
521 

Osmylide, 109 

Osmylus hyalinatus, wings of, 68, 69 

Ostia of the heart, 121 

Ostomide, 472, 508 

Othniide, 474, 498 

Othnius, 498 

Otiocerus, 409; O. coquebertii, 409 

Otiorhynchine, 538 
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Oudemans, J. T., 117, 880 
Outer margin, 60 

Ovarian tubes, 157, 158 
Ovaries, 156 

Oviduct, 156, 159 
Ovigerous legs, II 
Ovipara, 416 

Oviparous, 191 
Ovipositor, 76 
Owlet-Moths, 683 
Ox-warble-flies, 867 
Oxybelini, 980, 989 
Oxybelus, 989 

Oxyptilus periscelidactylus, 653 
Oyster-shell scale, 457 


Pachysphinx modesta, 657 

Pachypsylla celtidis-mamma, 411 

Packard, A. S., 149, 189 

Packardia geminata, Wings of, 609 

Pecilocapsus lineatus, 375, 376 

Pedogenesis, 192, 816 

Pedogenitic, larve, 192; pupe, 192 

Painted beauty, 754 

Pale, 361 

Paleodictyoptera, 210, 211 

Palezostracha, 8 

Paleacrita vernata, 671 

Palloptera, 856 

Palmetto-leaf miner, 629, 630 

Palpicornia, 467, 469 

Palpifer, 44 

Palpiger, 46 

Palpognaths, 21 

Pammegischia, 929 

Pamphila sassacus, wings of, 738 

Pamphiliidze, 890, 891, 897 

Pamphiline, 737 

Pamphilius, persicus, 897; wings of, 67, 
898 

Pankrath, 137 

ee 552; Head of, 550; wings of, 

Panorpodes, 553 

Pantarbes capito, wing of, 838 

Pantographa limata, 646, 647 

Pantomorus fullert, 539 

Papilio glaucus, 742; larva, 742; glaucus 
glaucus, 742; glaucus turnus, 742; 
polyxenes, 741; larva, 742; wings of, 
740; P. thoas, 173; larva of, 101; P. 
zolicaon, 742 

Papilionide, 583, 739, 740 

Papilionoidea, 589, 739 

Papilioninge, 740 

Papirius, 229 

Paraclemensia acerifoliella, 598, 599 

Parafacials, 780 

Parafrontals, 780 

Paraglossee, 43 

Paragnatha, 43; of Machilis, 221 
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Paralechia pinifoliella, 626, 627 

Parallelia bistriaris, 689 

Shel 409, 524, 525; P. brunnea, 

Paraphyses, 448 

Paraprocts, 232 

Parapsidal furrows, 887 

Parapsides, 51, 887 

Paraptera, 51 

Parasites, Respiration of, 120 

Parasitoid, 919 

Parasymmiclus clausa, wing of, 836 

Paratenodera sinensis, 263 

Paratiphia, 953 

Parcoblatta pennsylvanica, 266 

Parectopa robiniella, 620 

Parharmonia pint, 637 

Parker, J. B., 988 

Parnassiine, 744 

Parnassius, 744; P. smintheus, cross- 
section of scales of, 572 

Parsnip webworm, 624 

Parthenogenesis, 889, 919 

Paraxenos eberi, Wing of, 548 

Parornix, 618 

Passalide, 475, 524 

Passalus cornutus, 524; 
organ of a larva of, 89 

Patagia, 50, 576 

Patch, Dr. Edith, 422, 432 

Paurometabola, 176 

Paurometabolous development, 175 

Pauropodide, 20 

Pauropoda, 18 

Pauropus huxleyi, 18 

Paxylommatine, 919, 920 

Peach sawfly, 897 

Peach-tree borer, 636; 
Pacific, 636 

Peach twig-borer, 627 

Pear-blight beetle, 545 

Pear-midge, 820 

Pear-slug, 904 

Pea-weevil, 535; family, 535 

Peckham and Peckham, 957, 970, 981, 


stridulating 


lesser, 636; 


982 
Pecten, 628 
Pectine, 448 


Pectinate, 41 

Pectinophora gossyprella, 628; wings of, 
626 

Pedicel, 41 

Pedilide, 475, 498 

Pegomyia hyoscyamt, 864 

Pelecinide, 890, 892, 909, 932 

Pelecinellidee, 941 

Pelicinus polyturator, 932 

Pediculide, 348 ? 

Pediculus, capitis, 348; P. corporis, 348 

Pe-la, 441 

Pelidnota punctata, 519 
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Pelobius, 120 

Pelocoris, 367; P. femoratus, 367 

Pelogonus, 368 

Pelopeus, 984 

Peltodytes, 481, 482 

Pemphigus acerfolii, 422 

Pemphredonini, 980, 984, 985 

Penis, 162 

Pentastomida, 14 

Pentatomide, 103, 357, 359, 390 

Penthe, 514; P.* obliquata, 514; P. 
pimelia, 514; prothorax of, 53 

Penthima americana, 408 

Pentozocera australensis, 547 

Pepsis, 951 

Perceoreille, 460 

Pérez, J., 92 

Pericardial, cells, 164; diaphragm, 163 

Pericopide, 583, 588, 698 

Perilampinae, 942, 944 

Perilampus hyalnius, 
chrysope, 944 

Peripatoides nove-zealandice, 4 

Pertpatus, 1, 4 

Peripheral sensory nervous system, 
128, 129 

Periplaneta americana, 266; P. orien- 
talts, 107, 127 

Peripneustic, 115 

Peripodal, cavity, 
197 

Peristome, 780 

Peritoneal membrane, 109 

Peritremes, 52 

Peritrophic membrane, 111, 112 

Perkins, R. C. L., 979 

Perlidz, 328 

Peterson, A., 341 

Petiole, 955 

Petroleum-fly, 859 

Pettit, R. H., 365 

Pheogenini, 928 

Pheoses sabinella, 617 

Phagocyte, 164, 204 

Phagocytic organs, 164 

Phagocytosis, 164, 204 

Phalacride, 472, 511 

Phalonia rutilana, 643 

Phaloniida, 582, 590, 639, 643 

Phaneus, 517; P. carnifex, 517 

Phaneropterine, 235, 236 

Phanurus beneficiens, 933 

Pharynx, 109 

Phasgonuride, 234 

Phasiide, 787, 793, 868 

Phasma, 121 

Phasmida, 234, 260 

Phasmoidea, 260 

Pheidole pilifera, 960 

Phengodide, 473, 492 

Pheosia rimosa, 674 


9404, 9413 Ps 


197; membrane, 
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Philagraula, 709 

Philanthini, 980, 986 

Philopotamide, 559, 560, 563 

Philopteride, 337 

Philosamia walkert, 727 

Phlebotomus, 802; P. vexator, 802 

Phlceothripide, 346 

Phobetron pithectum, 609, 610; 
610 

Pholisora, 737; P. catullus, 737 

Pholus pandorus, 660 

Phonapate, 88 

Phora, wing of, 848 

Phoresy, 933 

Phoride, 786, 789, 793, 847 

Photinus marginellus, 165 

Photurus pennsylvanicus, 165 

Phragmas, 97 

Phryganea, 565; P. pilosa, pupa of, 
558; P. vestita, 565 

Phryganeide, 559, 560, 564 

Phryganeids, Cases of, 565 

Phryganidia californica, 673 

Phthirius pubis, 349 

Phthorophieus liminaris, 542, 544 

Phyciodes, 752; P. tharos, 752 

Phycitine, 651 

Phycodromide, 786, 791, 855 

Phygadeuonini, 928 

Phyllium, 261; P. scythe, 262 

Phyllonorycter, 518; P. cincinnatiella, 
619; P. hamadryadella, 618, 619 

Phyllophaga, 518 

Phylloscyrtus pulchellus, 244 

Phyllotreta vittata, 532 

Phylloxera, 433; gall-inhabiting form, 
436; gall of, 434; grape, 433; root- 
inhabiting form, 435, 436; P. vas- 
tatrix, 433; wings of, 429 

Phylloxeridz, 400, 428 

Phylloxerine, 433 

Phymata, 383; P. erosa, 383 

Phymatide, 356, 358, 382 

Physocephala affinis, wing of, 853 

Physonota unipunctata, 534 

Phytodietus, 923 

Phytomyza aquilegie, 861; mine of, 861 

Phytophaga, 468, 469; families of the, 


larva, 


475 

Phytophaga destructor, 818 

Pickle-worm, 648 

Piéces jugulaires, 40 

Pierce, W. Dwight, 548, 549 

Pieride, 584, 739, 744 

Pieris napt, 747; P. protodice, 747; 
wings of, 745; rape, 746 

Piesma cinerea, 385 

Piesmine, 385 

Pigeon horn-tail, 899 

Pigment cells, accessory, 138, 140; iris, 
140 
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Piliferous tubercles of larve, 35 

Pill-beetles, 508 

Pimpinella integerrima, 631 

Pimpla, 925 

Pimpline, 923, 924 

Pimplini, 925 

Pinacate-bugs, 513 

Pincontia coa, 606 

Pine clear-wing moth, 637 

Pine-cone willow gall, 817; guest, 817 

Pine-leaf, miner, 627; scale, 458; tube- 
builder, 643 

Pine-pest, Zimmermann’s, 652 

Pine-twig moths, 640 

Pinipestis zimmermanni, 652 

Piophila caset, 858 

Piophilide, 786, 792, 858 

Pipunculide, 786, 790, 849 

Prpunculus, 849; wing of, 850 

Pistol case-bearer, 620 

Planidium, 941; of perilampus, 940 

Planta, 578, 991 

Plant-lice, 412; jumping, 410 

Plasma, 122 

Plasmodium, 808 

Plastoceridz, 473, 499 

Plates, 448 

Plathemts lydia, 314 

Platygaster heimales, 889 

Platygasteride, 890, 909, 915, 933 

Platygasterinae, 933 

Plathypena scabra, 685 

Platypeza, wing of, 849 

Platypezide, 786, 789, 848 

Platypodide, 476, 541 

Platypsyllide, 470, 486 

Platypus, wilsoni, 541 

Platysomide, 476, 536 

Plea, 364 

Plecoptera, 136, 209, 211, 213, 325 

Pleura, 34 

Pleurites, 35 

Pleurostigma, 21 

Plodia tnterpunctella, 651 

Plum-curculio, 539 

Plume-moths, 652 

Plum web-spinning sawfly, 897 

Plusiinee, 687 

Plutella maculipennis, 632 

Plutellidae, 582, 589, 591, 632 

Pocock Reset 7 eT 

Podagrion, 943 

Podalirius, 890 

Podical plates, 232 

Podisus, 391; P. maculiventris, 391 

Podura aquatica, 229 

Podurida, 115, 228 

Polistes, 546, 972; nest of, 974; P. 
lineatus, 974 

Polistine, 966, 974 

Pollen brushes, 991 
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Pollenia rudis, 870 

Polyblastus, 926 

Polycentropide, 559, 560, 563 

Polycentropus, 564 

Polychrosis viteana, 640 

Polyctenide, 356, 379, 359 

Polyembryony, 168, 889, 946 

Polyergus, 964; P. lucidus, 964 

Polyformia, 467, 469 

Polygonia, 756 

Polygonia comma, 753, 756; P. comma 
comma, 757; P. comma dryas, 756; 
P. faunus, 753,756; P.interrogationts, 
753, 757; progne, 757 

Polymitarcys, 312 

Polyphaga, 467, 468, 485 

Polyphemus-moth, 722 

Polysphinctini, 923, 925 

Polystechotes punctatus, 299; P. vit- 
tatus, 299 

Polystoechotide, 284, 298 

Polythalamous, 935 

Polyxenus, 16, 17 

Pomace-flies, 860, 861 

Pomocerus aquatica, ommatidium of, 
225 

Pompilide, 890, 893, 912, 916, 950, 
951 

Ponerine, 958, 959 

Pontia rape, 195 

Popillia japonica, 519 

Poplar-leaf gall aphid, 424 

Popoff, 398 

Pore-plate, 131 

Porocephalus, P. annulatus, 14; P. 
proboscideus, 14, 14 

Porthetria, dispar, 682 

Postalar callus, 783 

Postantennal organ, 227 

Postcubital cross-veins, 319 

Postembryonic molts, number of, 172 

Posterior arculus, 72 

Posterior lobe, 778; of the wing, 61; of 
the pronotum, 887 

Postgenacerores, 447 

Postgene, 39, 781 

Postnodal cross-veins, 319 

Postnotum, 50 

Postpetiole, 955 

Postphragma, 98 

Postscutellum, 50 

Poststernellum, 52 

Powder-post beetles, 515 

Pretarsus, 58 

Praon, 922 

Pratt bles. 9074 

Praying mantes, 262; eggs of, 170 

Prealar callus, 783 

Preanal area, 75 

Preanal lobe, 888 

Preaxillary excision, 888 
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Preepisternum, 51 

Pregnacerores, 447 

Prepectus, 887 

Prephragma, 98 

Prepupa, 185 

Prescutum, 50 

Presternum, 52 

Presultural depression, 783 

Pricer, 955 

very ocelli, 135; structure of, 137, 

Primitive weevils, 536 

Primordial germ-cells, 158 

Prionid, straight-bodied, 526 

Prionine, 525 

Priononyx, 987 

Prionoxystus macmurtrei, 603; P. ro- 
binte, 603; wings of, 70, 596, 602 

Prionus, broad-necked, 526; P. im- 
bricornis, 526; P. laticollis, 526 

Pristaulacus, 929 

Prociphilus imbricator, 422; P. tessel- 
latus, 421, 422 

Proctodzeum, 108 

Proctotrupes, 932 

Proctotrupide, 
931 

Proctotrupoidea, 890, 931 

Prodoxinz, 599 

Prodoxus, 600 

Progrediens type, 431 

Progressive provisioning, 979 

Projapygidae, 224 

Projapyx, 224 

Prolabia pulchella, 463; P. burgessi, 462 

Prolegs of larve, 78; the development 
of, 182 

Prolimacodes badia, 610 

Promethea-moth, 725 

Prominent, two-lined, 676 

Prominents, 674 

Pronotum, 50 

Pronuba yuccasella, 599 

Prophragma, 97 

Propleura, 782 

Propneustic, 115 

Propodeum, 49, 887, 908 

Propolis, 1007 

Propupa, 343 

Propygidium, 75 

Prosimulium hirtipes, 824 

Prosopide 890, 891, 893, 914, 992, 993 

Prosopine, 914, 993 

Prosopis, 890, 990, 991, 992, 993 

Protapteron, 218 

Prothorax, 48 

Protocalliphora, 870; P. avium, 870; P.. 
splendida, 870 

Protocerebrum, 47, 124 

Protoparce quinquemaculata, 658; pupa, 
659; wings of, 656; P. sexta, 659 


108, 890, 910, 916, 
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Protoplasa, 796; P. fitchti, 7960; P. 
vanduzeet, 796; P. vipto, 796 

Protosialis americana, 286 

Protura, 218 

Proventriculus, 110, 111 

Psacaphora terminella, 630 

Psammocharide, 890 

Psectra, 294; P. diptera, 294 

Pselaphide, 470, 489 

Psénine, 984 

Psenini, 981, 984, os 

Psephenide, 471, 503 

Psephenus, 503; 

Pseudagenia, jae 

Pseudococcus citrt, 451; P. (Dacty- 
lopius) destructor, eyes of, 443; P. 
longispinosus, 451; wing of, 442 

Pseudocone eyes, 141 

Pseudo-cubitus-one, 301 

Pseudo-halteres, 59, 

Pseudohazis, 721; 
P. hera, 721 «- 

Pseudomasaris, 967, 968, 
vespotdes, 968: nests of, 969 

Pseudo-media, 301 

Pseudomyrma, 959 

Pseudomyrmine, 958, 959 

Pseudophylline, 235, 238 1 

Pseudothyatira cymatophorotdes, 710 

Pseudova, 191, 416 

Psila rose, 859 

Psilidee, 786, 792, 859, 890 

Psilogaster fasciiventris, 941 

Psilopa petrolet, 859 

Psilopodius sipho, wing of, 844 

Psilotreta frontalis, 567; case of, 567 

Psithyrus, 993, 1001, 1002, 1004 

Psocid, wings of, 332 

Psocidee, 333 

Psocids, 331 

Psychidz, 582, 584, 585, 586, 613 

Psychodidae, 785, 787, 801 

Psychomorpha epimenis, 693 

Psychomyide, 560, 564 

Psyllia, floccosa, 410; pear-tree, 411; P. 
pyricola, 411 

Pterodontia flavipes, 
837 

Pteromaline, 941, 942, 947 

Pteromalus puparum, 947 

Pterombus, 953 

Pteronarcella, 328; P. badia, wings of, 
328 

Pteronarcide, 328 

Pteronarcys, 120, 328; head of, 136; P. 
dorsata, 325 

Pleronidea ribest, 903; P. trilineata, 903 

Pterophoride, 582, 584, 652 

Pierophylla camellifolia, 237, 238 

Pteropleura, 783 

Pterostigma, 74, 327 


Dy 


P. lecontet, 504 


P. eglanterina, 721; 
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Pterygogenea, 206 

Pterygota, 211, 230 

Ptilinum, 190, 776, 781 

Ptinide, 471, 514 

Ptinus fur, 514 

Ptychopteridz, 785, 787, 796 

Pulex irritans, 882 

Pulicidee, 882 

Pulsations of the heart, 122 

Pulvili, 58 

Pulvinaria, 453; P. acericola, 453; P. 
innumerabiis, 170; P. vitis, 453 

Punkies, 803 

Pupa, 186; of a beetle, 466 

Pupe, active, 187; the different types 
of, 190 

Puparium, 190, 815 

Pupipara, 193, 873, 876 

Pycnogonida, 10 

Pygidial area, 888 

Pygidium, 75, 445; diagram of a, 446, 


447 

Pyralidide, 582, 585, 587, 644 

Pyralidine, 649 

Pyralidoidea, 582, 644 

Pyralids, 582, 644; aquatic, 648; typ- 
ical, 649 

Pyralts farinalis, 649 

Pyrausta nubtlalis, 648 

Pyraustine, 646 

Pyrochroide, 475, 498 

Pyromorpha, 604; P. dimidiata, 604; 
wings of, 605; P. martent, wings of 605 

Pyromorphide, 582, 585, 586, 604 

Pyrrhocoride, 357, 359, 385 

Pyrrhopygine, 735 

Pythide, 474, 498 


Quadrangle, 322 
Queen, the, 766, 1006 


Radial cross-vein, 71 

Radicicole, 434 

Radio-medial cross-vein, 7I 

Radius, 64 

Ramphocorixa acuminata, 362 

Ranatra fusca, 365 

Range-caterpillar, New Mexico, 721 

Raphidia, 289 

Raphidiide, 289 

Raphidioidea, 289 

Raspberry fruit-worm, 510; geometer, 
665; root-borer, 636 

Raspberry-cane maggot, 864 

Rasping organs, 87 

Rat-flea, Indian, 882 

Rath, O. vom, 132 

Rat-tailed maggots, 851 

Rau and Rau, 951, 970 

Reaumur, R. ‘A. F. de, 572, 876 

Rectum, 113 
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Red admiral, 754 

Red-bug, 385; apple-, 376; false apple-, 
377; hop-, 377 

Red-humped apple-worm, 677 

Redikorzew, W., 137 

Red-necked agrilus, 503 

Red spotted purple, 758 

Reduviide, 356, 358, 380 

Reduvius personatus, 381 

Regal-moth, 716, 717 

Regions of the body, 36 

Reichertella collaris, wing of, 821 

Reighardia, 14 

Reniform spot, 575 

Repletes, 964 

Reproduction of lost limbs, 173 

Reproductive organs, 156; of the fe- 
male, 157; of the male, 160, 161 

Resin-gnat, 819 

Respiratory organs, the closed or 
apneustic types of, 119; the open or 
holopneustic types of, 114 

Respiratory system, 113 

Resplendent shield-bearer, 622, 623 

Reticulitermes, 279; R. (Leucotermes) 
flavipes, 278 

Retina, 138 

Retinodiplosis resinicola, 819 

Retinula, 138, 140 

Rhabdom, 137 

Rhabdomere, 137 

Rhabdophaga strobtloides, 817 

Rhachicerus, 832; R. nitidus, 833 

Rhagto, wing of, 835 

Rhagionide, 786, 789, 834 

Rhagium lineatum, 526 

Rhagoletis cingulata, 857; R. fausta, 
857; R. pomonella, 857 

Rhagovelia, 370; R. obesa, 370 

Rhamphomyta, wing of, 845 

Rhaphidophorine, 235, 241 

Rheumaptera hastata, 669 

Rheumatobates, 372 

Rhinoceros-beetles, 520 

Rhinomacerine, 537 

Rhinopsis, 978 

Rhipiceride, 472, 499 

Rhipiphoride, 475, 494 

Rhizophagide, 472, 474, 508 

Rhizophagus, 508 

Rhodites ros@, 939 

Rhodophora florida, 695 

Rhopalocera, 581 

Rhopalomyta, 814 

Rhopalosoma poeyt, 965 

Rhopalosomide, 891, 913, 965 

Rhyacophila, 555; R. fuscula, 555, 561; 
wings of, 556 

Rhyacophilidz, 559, 560 

Rhynchites bicolor, 538 

Rhynchitinz, 537 


1057 


Rhynchophora, 468, 469, 535, 537; 
families of the, 475 


Ar ee head and prothorax of, 


Rhysodidee, 470, 508 

Ribbed pine-borer, 526 

Rice-weevil, 541 

Rielia manticida, 933 

Rileva, 945 

Riley, C. V., 171, 177, 187, 496, 599, 


g2I 
Riley and Johannsen, 378 
Ring-joints, 41 
Riodinide, 584, 739, 767 
Ripersia, 451 
Ripipteryx, 252 
Roadside butterfly, 748 
Robber-flies, 840 
Rodolia cardinalis, 511 
Rohwer, S. A., 906, 907 
Rolleston, 107 
Root, A. I., and E. R., 1007 
Root-cage, 501 
Ropronia, 931 
Ropronitide, 890, 909, 931 
Rose-beetle, Fuller’s, 539 
Rose-bugs, 519 
Rose-gall, mossy, 938, 939 
Rose-slug, 904 
Rose ugly-nest tortricid, 642 
Roubaud, E., 970 
Round-headed apple-tree borer, 529 
Rove-beetles, 488 
Royal jelly, 1006 
Royal-moth, two-colored, 717 
Royal-moths, 715 
Ruptor ovi, 171 


Sabine stimulea, 609 

Sacred beetle of the Egyptians, 516 

Saddle-back caterpillar, 609 

Saissetia hemispherica, 453; S. oleae, 
452, 453 

Saldide, 356, 358, 369 

Salivary glands, 103, 104 

Saltatorial orthoptera, 177 

Salt-marsh caterpillar, 701 

Samia cecropia, 726; pupa, 726; cocoon, 
727; wings of, 720; S. columbia, 726; 
S. glovert, 726; S. rubra, 727 

Sand-crickets, 242 

Sandflies, 803 

San José scale, 458 

Saperda candida, 529 

Sapromyza, 856 

Sapromyzide, 786, 791, 856 

Sapygide, 913, 952 

Sarcophaga hemorrhoidalis, 871 

Sarcophagide, 787, 793, 870 

Saturniide, 583, 719 

Saturnoidea, 583, 589, 714 
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Satyrine, 750, 761 

Satyrodes canthus, 762 

Saussure, H. de, 969 ef 

Saw-flies, argid, 904; cimbicid, 902; 
leaf-rolling, 897; stem, 900; typical, 
902; web-spinning, 897; xiphydriid, 


8 
Sree American, 902; locust, 903 
Sawyer, 528 
Scale-insects, 440; control of, 459 
Scales of butterflies and moths, 571, 
572, 573 
Scalloped owlet, 686 
Scallop-shell moth, 668, 669 
Scape, 40 
Scaphidiidee, 470, 490 
Scapule, 887 
Scarabeeide, 475, 515, 954 
Scarabeiform, 184 
Scatophaga, 854 
Scatopside, 785, 788, 821 
Scelio, 933 
Scelionide, 890, 909, 910, 915, 933, 
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Sceliphron cementarium, 983, 984; wings 
of, 983 

Scenopinide, 786, 789, 839 

Scenopinus, 840; wing of, 840; S. 
fenestralis, 840 

Scent-glands of females, 100 

Scepsis fulvicollis, 706, '707 

Schierbeek, A., 580 

Schidax, 709 

Schiodte, J. C., 88, 185 

Schistocerca americana, 256 

Schizoneura americana, 421; S. pinicola, 
420; S. rileyt, 421; S. ulmi, 421 

Schizont, 808 

Schizophora, 786, 852 

Schizopteride, 356, 358, 373 

Schizura, 679; S. concinna, larva, 677; 
S. tpomee, larva, 679 

Schmiedknecht, O., 929 

Schneider, A., 192 

Schreckensteinia erythriella, 634; S. fes- 
taliella, 634 

Schwabe, J., 150, 151 

Sciara, eyes of, 812; wing of, 812, 813 

Sciara armyworm, 813 

Sciaridee, 813 

Sciarina, 812, 813 

Sciomyzide, 786, 791, 855 

Sclerites, 35 

Scolia, 954. 

Scolidze, 891, 893, 913, 954 

Scoliopteryx libatrix, 686 

Scolopale, 146 

Scolops, 409 

Scolus, 578 

Scolytide, 476, 542 

Scolytus rugulosus, 544 
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Scope, 991 

Scorpion, 9 

Scorpion-flies, 550, 552 

Scorpions, lateral ocelli of, 137 

Screw-worm fly, 870 

Scudder, S. H., 92, 235 

Scudderta, 237; S. mexicana, 237; S. 
septentrionalts, 237 

Scurfy scale, 457 

Scutellar bridge, 783 

Scutelleride, 357, 359, 392 

Scutellum, 50 

Scutigera forceps, 22 

Scutigerella, 24. 

Scutum, 50 

Scydmeenide, 470, 488 

Seythridide, 582, 592, 631 

Scythris eboracensis, 631; S. magnatella, 
631 

Searcher, the, 479 

Seaton, Frances, 139 

Second antecoxal piece, 54 

Secondary sexual characters, 157 

Sectorial cross-vein, 71 

Segmentation of the appendages, 34; 
of the body, 34 

Segments of the head, 47, 48 

Seiler, W., 139 

Semidalts aleurodiformis, 306 

Seminal vesicle, 162 

Sense-cones, I3I 

Sense-domes, 154, 155 

Sense-hairs, 33 

Sense-organs, classification of the, 129; 
cuticular part of the, 130; of un- 
known functions, 154 


Sensillum, ampullaceum, 131;  basi- 
conicum, 131; choeticum, 131; ccelo- 
conicum, 131; placodeum, 131; 


trichodeum, 130, 132 

Sepside, 786, 790, 791, 858, 859 

Sepsis, 858 

Serial veins, 67 

Sericostomatidee, 559, 560, 569 

Serphide, 890 

Serrate, 41 

Seryda constans, scale of, 572 

Sete, 32; classification of, 33; primary, 
578; subprimary, 578; secondary, 
578; taxonomic value of, 33 

Setiferous sense-organs, 130 

Setiferous tubercles, arrangement of, 
579; types of, 578 

Setodes grandis, 566; case of, 566 

Sexuales, 436 

Sexupare, 435 

Sharp, David, 87, 88, 89, 144, 194, 301, 
505, 506, 967, 994 

Sheep-tick, 874 

Shellac, 441 

Shull, A. F., 426 
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Sialide, 284 

Sialis infumata, 285, 286; larva of, 286 

Sibine stumulea, 609 

siebold, C. T. von, 92, 145 

Siebold’s organ, 152 

Sterolomorpha ambigua, 952 

Sigalessa flaveola, 860 

Signiphoride, 941 

Sight, organs of, 134 

Silk-glands, cephalic, 103 

Silk-Worm, 114, 727; sense hairs of the, 
133 

Silk-Worms, giant, 719 

Silpha, 488 

Silphide, 470, 471, 487 

Silvanus surinamensts, 509, 965 

Silverfish, 223 

Silvestri, F., 16, 25, 113 

Simethis fabriciana, wings of, 633 

Simuliide, 786, 788, 821 

Stmulium, 120; head of larva of, 200; 
larva of, 111; wing of, 822 

Simulium meridionale, 824; S. pictipes, 
824; S. venustum, 824 

Stiphlurus alternatus, caudal end of 
abdomen of, 308 

Siphonaptera, 211, 214, 877 

Siphunculata, 347 

Sirex juvencus, wings of, 899 

Siricide, 890, 891, 898 

Sistens, 431 

Sisyra flavicornis, 292; S. umbrata, 291; 
larva of, 292; silk-organs of, 282, 
283 

Sisyridz, 284, 291 

Sitodrepa panicea, 515 

Sitotroga cerealella, 626 

Skiff-caterpillar, 610 

Skimmers, 321 

Skin-beetles, 522 

Skipper, least, 738; silver-spotted, 736 

Skippers, 571, 583, 732; common, 734; 
giant, 733 

Skippers with a costal fold, 735 

Skippers with a brand, 737 

Sladen, F. W. L., 1002, 1004 

Sleeping sickness of man, 873 

Slingerland, M. V., 417, 459, 644, 647 

Slingerland and Crosby, 459 

Slug-caterpillar moths, 608 

Small-headed flies, 837 

Small-intestine, 113 

Smell, organs of, 132 

Smerinthus geminatus, 657, 658 

Sminthuride, 229 

Sminthurus, 115, 229; S. hortensis, 229 

Smith, J. B., 398, 994, 996 

Smith, R. C., 300, 302 

Smoky moths, 604 

Snake-flies, 289 

Snipe-flies, 834 
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Snodgrass, R. E., 49, 50, 55, 57, 98, 205 

Snout-beetles, 535; imbricated, 538; 
pine-flower, 537; scarred, 538; 
toothed-nose, 537; typical, 537 

Snout-butterfly, 767 

Snow-flea, 228 

Snow-flies, 799 

Snyder, T. E., 280 

Soldier-beetles, 492 

Soldier-flies, 830 

Se ee wings of, 615; S. walshella, 

t4 

Solenopsis molestus, 960 

Solidago gall-moth, 627 

Solitary-midge, 828 

Solpugida, 9 

Somites, 34 

Soothsayers, 262 

Sooty-wing, 737 

Sovereigns, the, 757 

Sow-bugs, 7 

Spalangide, 941 

Spathiine, 920 

Spatula, sternal, 813 

Spear-marked black, 669 

Spear-winged flies, 846 

Spermatazoa, 160 

Spermatheca, 159 

Spermathecal gland, 160 

Spermatophores, 162 

Spheeriide, 471, 490 

Spherites glabratus, 490 

Spheritide, 470, 490 

Spharagemon bolli, 258 

Sphecide, 891, 893, 913, 979 

Sphecine, 983 

Sphecini, 980 

Sphecius speciosus, 987; wings of, 987 

Sphecodes, 992 

Sphecoidea, 891, 931, 950, 977 

Sphecoid-wasp, head and thorax of, 977 

Sphecoid-wasps, 977, 978, 979; typical, 
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Sphenophorus, 540; S. matdis, 540 

Sphex, 890, 984 

Sphindidze, 474, 515 

Sphingide, 583, 586, 655 

Sphinx, 657; chersis, 657, 658; Harris’s, 
658; modest, 657; pandorus, 660; 
pen-marked, 658; twin-spotted, 657; 
white-lined, 660 

Sphinxes, 655 

Sphyracephala brevicornis, 859 

Spiders, 9 

Spider-wasps, 950 

Spilochalcis marie, 945 

Spines, 32, 445 

Spiracles, 52, 113, 114; structure of, 116 

Spiracular musical organs, 91 

Spirostreptus, 16 

Spittle-insects, 402 
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Spondylide, 525 

Spondylis, 469, 524 

Spongilla-flies, 291; labia of, 293 

Spongophorus "ballista, 404; S. querini, 
404 

Sporoblasts, 809 

Sporozoite, 808, 809 

Spotted pelidnota, 519 

Spring azure, 771 

Spring of the Collembola, 76 

Spring-tails, 225 

Spuler, A., 859 

Spurious vein, 70 

Spurs, 32 

Squama, 778 

Squamee, 60 

Squash-bug, egg-mass of the, 170 

Squash-vine borer, 637 

Stable-fly, 873 

Stadia, 172 

Stag-beetles, 523 

Stagmatophora gleditschieella, 630 

Stagmomantts carolina, 263 

Staphylinide, 470, 488 

es maculosus, 
pinus, 489 

Stegomyia calopus, 809; S. fasciata, 809 

Stelis, 993 

Stem-eyed fly, 859 

Stem-mother, 415 

Stenelimis bicarinatus, 505 

Stenobothrus, 82 

Stenogaster, 967 

Stenoma, 625; S. schlegeri, 625 

Stenomide, 582, 591, 625 

Stenopelmatinz, 235, 242 

Stenopelmatus, 242; ventral aspect of 
the metathorax, 98 

Stephanidz, 890, 909, 917, 919 

Sterictiphora, 905 

Sternal spatula, 815 

Sternellum, 52 

Sternites, 35 

Sternopleura, 783 

Sternum, 34, 52 

Sthenopis, 595; S. argenteomaculatus, 
596; S. pupurascens, 595, 596; S. 
thule, 596 

Sticktight flea, 883 

Sticta carolina, 988 

Stigma, 74 

Stigmata, 113 

Stigmus Less 985; S. podagricus, 
wings of, 985 

Stiletto- flies, 839 

Stink-bugs, source of odor, 325 

Stink-flies, 300 

Stink- glands, 102, 462 

Stipes, 44 

Stizini, 981, 987 

Stizus unicinctus, 987 


489; S. vul- 
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Stomach, I1I 

Stomodzeum, 108 

Stomoxus, calcitrans, 873 

Stone-flies, 325 

Stone-fly, naiad of, 327 

Stratiomyta, 831; wing of, 831 

Stratiomyiide, 786, 788, 830 

Straus Durckheim, 40, 106, 121 

Strawberry crown-girdler, 539 

Streblide, 787, 790, 794, 875 

Strepsiptera, 59, 194, 211, 212, 546 

Stridulating organs, 81; of corixide, 
362; of the locustidae, 82; of the 
gryllide and the tettigoniidee, 83; of 
Ranatra, 365 

Strigilis, 886 

Striped flea-beetle, 532 

Sturtevant, A. H., 861 

Styli, 56, 76, 222 

Stylopide, 109, 546 

Stylopids, 546, 975; mouth-parts of 
male, 547 

Stylus, 442 

Subcosta, 64 

Subcostal fold, 73 

Subgalea, 44 

Subimago, 312 

Submarginal cells, 886 

Submentum, 46 

Subnodus, 319 

Subcesophageal commissure 125; gan- 
glion, 123, 124 

Subquadrangle, 323 

Subterminal band, 575 

Sugar-cane, beetle, 520; borer, 650 

Sulphur, cloudless, 749; dainty, 749; 
little, 749; orange, 748 

Sumac bobs, 634 

Superimposed image, 143 

Superlingue, 43, 226 

Supertriangle, 319 

Supplements, 70 

Surpa-alar es or cavity, 783 

Supra-anal plate, 2 

Supra-tympanal or subgenual organ, 
151 

Suspensoria of the viscera, 162; thread- 
like, 163 

Sutures, 35; the thoracic of Diptera, 
782, 783 

Swallow-tail, black, 741; larva, 742; 
tiger, larva, 742; zebra, 743 

Sweet-fern geometer, 666 

Sweet-potato root-borer, 538 

Swifts, 594, 595 

Symmerista albifrons, larva, 676 

Symphasts varia, 291 

Sympherobiide, 284, 293 

ee 294; S. amiculus, wings 
fe) 

Symphoromyia, 835 
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Symphyla, 23 

Symphypleona, 229 

Symphyta, 894 

Synanthedon exitiosa, 636; wings of, 
ee S. opalescens, 636; S. pictipes, 

3 

Synchloe olympia, 748 

Synchlora erata, 665 

Synergus erinacet, 936 

Syntomide, 706 

Syrphide, 786, 790, 850 

Syrphus, 851 

Syrphus-flies, 850 

Systelloderus biceps, 383 


Tabanide, 786, 788, 829 

Tabanus, 830; atratus, 830; wing of, 
66, 829 

Tachardia lacca, 440 

Tachina-flies, 871 

Tachinide, 787, 793, 871 

Tachinine, 871 

Tachysphex terminatus, 981; wings of, 
981 

Tentopteryx, 326; T. pacifica, 326 

Tafalisca lurida, 245 

Tanaostigmatide, 941 

Tangle-veined flies, 836 

Tanyderide, 785, 787, 796 

Tanypeza, 858 

Tanypezide, 786, 791, 858 

Tapestry-moth, 612 

Tapetum, 144 

Tarachidia candefacta, 689 

Tarantula hawks, 951 

Tardigrada, 12 

Tarsal claws, 58 

Tarsus, 57 

Taste and smell, organs of, 132 

Tegeticula, 599; T. alba, 599, 600 

Tegmina, 59, 230 

Tegula, 54 

Telamona, 405 

Telea polyphemus, 722; larva, 723 

Telenomus, 933 

Telson, 75 

Telson-tails, 211, 218 

Tenaculum, 228 

Tenagogonus, 371; T. gillettet, 371 

Tenebrio molitor, 466, 513 

Tenebrionide, 474, 513 

Tenebroides mauritanicus, 508 

Tenent hairs, 58, 100, 101 

Tentamen, 581, 620 

Tent- caterpillars, 729; apple-tree, 729, 
730; California, 731; forest, 730; 
Great Basin, 731 

Tenthredinide, 890, 891, 895, 902 

Tentorium, 96 

Terebrantia, 344 

Tergites, 35 


1061 


Tergum, 34 

Termatophylide, 356, 359, 377 

Termes gilvus, 276 

Terminal band, 575 

Terminal filament, 158 

Termite, queen, 276 

Termites, 158, 194, 273 

Termitoxinia, 156 

Termopsis angusticollis, wings of , 274 

Testes, 160 

Testicular follicle, structure of a, 161 

Tetanoceride, 856 

Tetracha, 478 

Tetraneura colophotdes, 424; T. gra- 
minis, 424 

Tetraopes, 529; 7. tetraophthalmus, 529 

Tetrastichide, 941 

Tetrastichus asparagi, 948 

Tettigoniide, 234 

Thalessa, 924 

Thanaos, 737; T. martialis, 735, 737 

Thaumalea americana, 828; wing of, 
828 

Thaumaleide, 786, 788, 828 

Thaumatotypidea, 915 

Thecabius populicaulis, 424 

Thecla calanus, 769; T. m-album, 770 

Thecodiplosis mosellana, 819 

Thereva, wing of, 839 

Therevide, 786, 789, 839 

Therionini, 927 

Thermobia domestica, 223 

Theronia atalante, 923, 925 

Thick-headed flies, 853 

Thompson, C. B., 278 

Thorax, 48; diagram of, 50, 51 

Thorybes daunus, 737; T. pylades, 737 

Thread-waisted wasps, 983 

Three-lined lema, 530 

Thripide, 344 

Thrips, 341; banded, 344; bean, 345; 
grass, 345; greenhouse, 345; imma- 
ture forms of citrus-, 343; onion, 345; 
orange, 345; pear, 345; ‘strawberry, 
345; tabaci, 345; tobacco, 345 

Throat-bot, 866 

Throscide, 472, 502 

Thyatiride, 583, 586, 709 

Thynnide, 891, 912, 916, 952 

Thyreocorine, 392 

Thyreocoris ater, 392; T. pulicarius, 392 

Thyreodon atricolor, 927 

Thyridide, 583, 586, 587, 653 

Thyridopteryx ephemeraformis, 614; 
wings of, 61, 613 

Thyris lugubris, 654; T. maculata, 654; 
wings of, 654; T. mournful, 654; 
T. spotted, 654 

Thysanoptera, 178, 209, 211, 212, 215, 
341 

Thysanura, 211, 219 
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Tibia, 57 

Tibicen linnet, 401 

Tibicina septendecim, 402 

Tiger-beetles, 476 

Tiger-moths, 699, 
hickory, 704 

Tigrioides bicolor, 705 

Tillyard, R. J., 300, 593 

Timber-beetles, 544 , 

Tinagma obscurofasciella, 624; wings 
of, 624 

Tinea, 612; T. parasitella, wings of, 
612; T. pellionella, 612 

Tineide, 582, 589, 590, 611 

Tineola biselliella, 612 

Tingide, 357, 384 

Tingine, 384 

Tiphia, 953; T. mmornata, 953 

Tiphiide, 891, 893, 894, 912, 913, 916, 


700; tiger-moth, 


953 

Tiphine, 953 

Tipula, 799; T. abdominalis, larva of, 
2; wing of, 799 

Tipulide, 785, 787, 793, 798 

Tipuloidea, 785, 795 

Tischeria, 615; T. malzfoliella, 615; T. 
marginea, wings of, 615 

Tischeriidee, 582, 591, 615 

Tlascala reductella, wings of, 645 

Tmetocera ocellana, 641 

Tobacco-worm, 659 

Tolype laricis, 731; T. velleda, 731 

Tomato-worm, 658 

Tomocerus plumbens, 225 

Tool-using wasps, 984 

Torme, 781 

Tortoise-beetles, 534; -scales, 451; -shell, 
American, 755 

Tortricidae, 582, 590, 639, 642 

Tortricids, 638; typical, 642 

Tortricoidea, 582, 638 

Tortrix, 638 

Torymine, 943 

Torymus, 943 

Touch, organs of, 131 

Tower, W. L., 99, 172, 354, 573 

Townes, H. K., 891, 892, 941 

Townsend, Miss A. B., 165 

Townsend, C. H., 872 

Toxicognaths, 21 

Trachee, 113, 116; the structure of 
the, 117 

Tracheal gills, 119; the development of, 
182 

Tracheation of wing of imago of 
Calosoma, 466 

Tracheation of wing of imago of 
Dytiscus verticalis, 466 

Tracheoles, 113, 118 

Trachusa lateralis, 1000 

Tramea, 317 
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Transverse, anterior band, 575; con- 
junctivee, 34; cord, 326; impression, 
781; posterior band, 575 

Treat, Mrs., 955 

Tree-hoppers, 404; buffalo, 404; two- 
horned, 405; two-marked, 405 

Tremex columba, 169, 898, 899, 924; T. 
aureus, 899; T. sericeus, 899 

Trepobates, 372; T. pictus, 372 

Trienodes, 565, 567; case of, 566 

Triangle, 319 

Triatoma sanguisuga, 382 

Trichocera, 798 

Trichodectes equt, 336; T. latus, 336; T. 
scalaris, 336; T. spherocephalus, 336 

Trichodectide, 337 

Trichodes nuttalli, 493 

Trichodezia albovittata, 667 

Trichogens, 30 

Trichogramma evanescens, 949; T. mt- 
nutum, 949 

Trichogrammatine, 941, 949 

Trichophaga tapetiella, 612 

Trichopore, 32, 130 

Trichoptera, 211, 213, 555 

Trichopterous Larve, table of, 559 

Trichopterygide, 471, 490 

Trichostibus parvula (Urodus parvula), 
188 

Tridactyline, 243, 251 

Tridactylus, 252; T. apicalis, 252 

Tridymide, 941 

Trigonalidz, 890, 909, 917, 929 

Trigonidiine, 243 

Triphelps insidiosus, 378 

Trissolcus, 933 

Tritocerebrum, 47, 124 

Tritoxa flexa, 856 

Triungulin, 495 

Triungulinid, 548 

Triungulins, 548 

Trochanter, 57 

Trochantin, 53; of the mandible, 40 

Troctes divinatorius, 331, 333 

Trogide, 475, 522 

Trogini, 923, 929 

Trogus vulpinus, 929 

Tropea luna, 723, 724 

Trophallaxis, 280, 958, 973 

Tropidacris latreillei, 26 

Tropisternus, 486; T. californicus, 486; 
T. glabra, 486 

Tro. 522 

Trumpet-leaf miner of apple, 615 

Truxaline, 253, 259 

Trypetide, 786, 791, 856 

Tryphonine, 923, 924, 926 

Tryphonini, 926 

Trypoxylon, 982; T. albitarsis, 983; T. 
albopilosum, 982; T. frigidum, 982; 
T. rubrocinctum, 982, 983; nest of, 982 
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Trypoxylonine, 982 

Trypoxylonini, 980, 982, 988 

Tsetse-fly, 873 

Tubulifera, 345 

Tumble-bugs, 516 

Tunga penetrans, 883 

Turkey-gnat, 824 

Turner, 955 

Tussock-moth, 679; California, 681; 
old, 681; well-marked, 681 

Twisted-winged insects, 546 

Two-spotted oberea, 529 

Tylus, 353 

Tympana, 145, 577 

Typhoid-fly, 872 


Udamoselis, wings of, 437 

Ululodes hyalina, 305; larva of, 306; 
wings of, 305 

Underwings, 687 

Ungues, 58 

Unguiculus, 227 

Unguis, 227 

Urodus parvula (Trichostibus parvula), 
632 

Utetheisa, 700; U. bella, '700 


Vagina, 159 

Valentinia glandulella, 628 

Valvule, 232 

Van der Weele, 284, 285, 306 

Van Duzee, E. P., 362, 844 

Van Dyke, E. C., 498 

Vanessa atalanta, 754; V. cardut, 755; 
V. huntera, 755; V. virginiensis, 
754 

Vanhornia eucnemidarum, 931 

Vanhorniidz, 890, 909, 922, 931 

Van Rees, 202 

Vas deferens, 156, 162 

Vasiform orifice, 438 

Vedalia cardinalis, 512 

Velia, 370 

Veliide, 356, 357, 369 

Velvet-ants, 953 

Venomous sete and spines, 100 

Ventral diaphragm, 163; heart, 163; 
sacs, 222; sympathetic nervous sys- 
tem, 127; tube, 227 

Ventriculus, I11 

Verhoeff, 49 

Vermiform, 185 

Verruca, 578 

Verson, 114, 199 

Vertex, 39, 781 

Vertical triangle, 781 ; 

Vespa, 975; V. arctica, 977; V. austriaca, 
977; V. consobrina, 977; V. crabro, 
977; V. diabolica, 977; wings of, 966; 
V. maculata, 977; nest of, 975, 976; 
V. rufa, 977 
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Vespide, 108, 891, 893, 909, 912, 950, 
965, 993 

Vespine, 966, 975 

Vespoidea, 931, 950, 978 

Vespoid-wasp, head and thorax of, 977 

Vespoid-wasps, 950 

Vespula, 977 

Viallanes, 47 

Vibrissee, 782 

Vibrissal angles, 781; ridges, 781 

Vice-reine, 760 

Viceroy, the, 759 

Wiereck. ER 958 

Violet tip, 757 

Vipiine, 920 

Visiting ants, 958 

Visual cell, structure of a, 137 

Vitellarium, 158 

Vitreous layer, 138 

Viviparity, 192, 193 

Viviparous insects, 191; adult agamio 
females, 192 

Vogel, R., 155 

Volucella, 851 


Wagner, Nicholas, 192, 816 

Walker, E. M., 233, 252, 268 

Walking-sticks, 260 

Wall-bee, 1001; nests of, 1001 

Wanderer, the, 772 

Warble-flies, 866 

Wasps, social, 972; typical, 965 

Water-beetles, the crawling, 481 

Water-boatmen, 360, 361 

Water-bugs, giant, 365 

Water-measurers, 373 

Water-penny, 504 

Water-scavenger beetles, 485 

Water-scorpions, 364 

Water-striders, 370; broad-shouldered, 
369 

Water-tigers, 483 

Wax, 1007 

Wax-glands, 102; outlets of, 445 

Webworms, 648; burrowing, 611; cab- 
bage, 648; garden, 648 

Wedge-shaped leaf-beetles, 533 

Weevil, black vine-, 539; strawberry-, 
540 

Weevils, leaf-rolling, 538 

Weisman, A., 202, 203 

Wheat joint-worm, 945 

Wheat-midge, 819 

Wheat-sawfly-borer, 901 

Wheat straw-worm, 945 

Wheeler, W. M., 280, 524, 940, 941, 
954, 955, 958, 961, 962, 977 

Whirligig-beetles, 484 

White-ants, 273 

White, checkered, 747 

White flies, 437 
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White fly, citrus, 440; greenhouse, 439; 
maple, 440; strawberry, 440 

White, gray-veined, 747 

White-grubs, 518 

White marked tussock-moth, 680 

White Mountain butterfly, 763 

White-striped black, 667 

Whites, the, 745 

White-tipped moth, 676 

Williams, F. X., 967, 969, 981 

Williston, S. W., 852 

Window-flies, 839 

Window-winged moths, 653 

Wings, 58; the development of, 182, 
195; specialization of, 212 

Wings of the heart, 121, 162 

Wing-veins, reduction of the number 
of, 65; the chief branches of the, 64; 
the increase of the number of, 68; 
the principal, 64 

Winnertzia calciequina, 814 

Wire-worms, 500 

Witch-hazel cone-gall, 425 

Witch-hazel-gall, the spiny, 426 

Wohlfahrtia vigil, 871% 

Wollaston, 88 

Wood-nymph, beautiful, 693; pearl, 


693 
Workers, 1005 
Wyeomyia smithit, 810 


Xenopsylla cheopis, 882 

Xenos vesparum, 549 

Xestobium rufovillosum, 515 
Xiphidium, 238 

Xiphosura, 8 

X1tphydria maculata, wings of, 900, 929 
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Xiphydriide, 890, 891, 899 
Xoridini, 923 

Xyelide, 890, 891, 895, 896 

X ylocelia (Diodontus), 985 

X ylocopa virginica, 972, 998 

X ylomyia, 832; X. pallipes, 832 
Xylomyiide, 786, 788, 832 
Xylophagide, 786, 789, 833 
Xylophagus, 833; wing of, 833 


Yellow, sleepy, 749 

Yellow-bear, 703 

Yellow-fever mosquito, 809 
Yellow-jackets, 975, 977 

Yellows, the, 748 

Yponomeuta, 632; Y. padella, 632 
Yponomeutide, 582, 590, 591, 631 
Yucca-borer, 734 

Yucca-moths, 599; bogus, 600 


Zale lunata, 689 

Zebra, the, 764 

Zebra-caterpillar, 694, 695 

Zenodochium cocciorella, 629 

Zerene cesonia, 749 

Zethine, 966, 968 

Zethus, 968; Z. cyanopterus, 969; Z. 
lobulatus, 969; Z. romandinus, 969; 
Z. Slosson@, 968; Z. spinipes, 968 

Zeuzera pyrina, 603 

Zeuzerine, 603 

Zophodia grossularie, 652 

Zoraptera, 215, 270 

Zorotypide, 270 

Zorotypus, 270; Z. hubbardt, 271; Z. 
snyderi, 271, 272 

Zygoptera, 321 
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